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(57) A porous supporting carbon body of a gas dif- 
fusion layer is provided with a larger number of smaller 
pores at its catalyst layer side and a smaller number of 
larger pores at the other side, particularfy with an appro- 
priate distribution of finer mesh at its catalyst layer side 
and coarser mesh at the other side. Thereby, a high per- 
formance polymer electrolyte fuel cell can be obtained 
in which water generated at the catalyst layer is quickly 
sucked out to the gas diffusion layer, and is evaporated 
at the gas diffusion layer to be effectively exhausted to 
outside the fuel cell, so that excessive water can be pre- 
vented from retaining in the gas diffusion electrode, with 
the polymer electrolyte membrane being maintained at 
an appropriately wet condition. 

Further, a gas diffusion layer is provided with an 
electrically conductive polymer-containing layer com- 
prising carbon particles and a polymer material. In it, a 
combination of two kinds of carbon particles having dif- 
ferent amounts of acidic function group is used in a man- 
ner that the weight ratio of one kind having a larger acidic 
function group, relative to the other kind, increases from 
one end of the gas diffusion layer, corresponding to the 
inlet of a gas flow channel, to the other end. Thereby, 
the water permeating function at the surface of the gas 
diffusion layer can be so adjusted that the inside of the 
ME A is maintained at an appropriately wet condition, 
while excessive water is quickly exhausted to outside of 
the fuel cell together with e.g. the reactive gas. This can 



also be achieved by using a combination of two kinds of 
polymer materials in the electrically conductive polymer- 
containing layer in a manner that the two kinds have ei- 
ther different degrees of crystallinity or different coeffi- 
cients of moisture permeability, so that the degrees of 
crystallinity decreases and the coefficients of moisture 
permeability increases from the one end to the other end 
of the gas diffusion layer. 

FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a polymer 
electrolyte fuel cell to be used for co-generation systems 
and mobile electric power generators for e.g. automo- 
biles or the like, particularly to a gas diffusion layer to 
be used for such fuel cells. 

[0002] In a polymer electrolyte fuel celt, a fuel gas 
such as hydrogen and an oxidant gas such as air are 
supplied to a pair of gas diffusion electrodes (anode for 
the fuel gas and cathode for the oxidant gas), and are 
electrochemically reacted with each other at catalyst 
layers of e.g. platinum therein. Such reaction generates 
electricity and heat at the same time. A general structure 
of such polymer electrolyte fuel cell is shown in FIG. 1 . 
[0003] Referring to FIG. 1 , opposite main surfaces of 
a polymer electrolyte membrane 11 for selective trans- 
porting hydrogen ions are provided with a pair of catalyst 
layers 1 2 to intimately contact the membrane respec- 
tively. Each catalyst layer 12 has a carbon powder as a 
main component and carrying platinum metal catalyst. 
Outside the respective catalyst layers 12 are provided 
a pair of gas diffusion layers to intimately contact the 
catalyst layers 12, wherein each gas diffusion layer 13 
comprises a porous supporting carbon body, made of 
porous carbon material and supporting e.g. the catalyst 
layer. A combination of each gas diffusion layer 13 and 
each catalyst layer 1 2 constitutes a gas diffusion elec- 
trode 14. 

[0004] A pair of separator plates 1 7 are provided out- 
side the pair of gas diffusion electrodes 14: which me- 
chanically fix a polymer electrolyte membrane-electrode 
assembly (ME A hereafter) 1 5 constituted by the gas dif- 
fusion electrodes 14 and the polymer electrolyte mem- 
brane 11; which electrically connect neighboring ME As 
in series; and which have gas flow channels 16 at the 
surfaces thereof contacting gas diffusion electrodes for 
supplying the reactive gases to the gas diffusion elec- 
trodes, and for exhausting, to outside, water generated 
by the electrochemical reaction and excessive gases. 
The gas flow channels can be provided separately from 
the separator plates 1 7, but it is a general manner to 
provide grooves, as gas flow channels, on the surfaces 
of the separator plates. Further, gaskets 1 8 are provided 
and sandwiched between the polymer electrolyte mem- 
brane 1 1 and the separator plates 1 7 for preventing the 
reactive gases from leaking to outside. 
[0005] During the operation of the fuel cell, the air or 
oxygen, which is an active reactive material, is diffused 
at the cathode side to the catalyst layer from the gas 
flow channels through the gas diffusion layer. At the 
same time, excessive water, together with excessive 
gases, generated by the electrochemical reaction and 
permeated to the gas diffusion layer from the catalyst 
layer on the basis of the osmotic effect is exhausted to 
outside of the fuel cell through pores of the gas diffusion 



layers. 

[0006] The polymer electrolyte used in a polymer 
electrolyte fuel cell can maintain a necessary level of 
ionic or protonic conductivity when the electrolyte is put 
5 under a sufficiently wet condition. So generally, the re- 
active gases are preliminarily humidified to a given hu- 
midity, thereby to secure the humidity of the polymer 
electrolyte membrane as well as the supply of the reac- 
tive gases. 

10 [0007] On the other hand, the electrode reaction in a 
cell is a water generation reaction caused by the three- 
phase interfaces of the catalyst, the polymer electrolyte 
and the reactive gases. Accordingly, if the supplied wa- 
ter vapor and the water generated by the electrode re- 

is action are not quickly exhausted to outside, the gas dif- 
fusion electrodes or the gas diffusion layers suffer from 
water undesirably retained therein and get worse in the 
gas diffusion property, whereby the cell characteristics 
gets deteriorated. 

20 [0008] In view of the foregoing, several countermeas- 
ures were taken for improving both the water retaining 
property and the water exhaustion property of the gas 
diffusion electrodes to be used for polymer electrolyte 
fuel cells. A general gas diffusion electrode uses a po- 

25 rous supporting carbon body, to be a gas diffusion layer, 
having formed thereon a layer of carbon powder, i.e. car- 
bon particles, carrying a noble metal as a catalyst layer. 
Usually, one carbon material selected from carbon 
cloths and carbon unwoven fabrics such as carbon pa- 

30 per is used for a porous supporting carbon body. Gen- 
erally, such porous supporting body is preliminarily sub- 
jected to a water repellent treatment by using e.g. a liq- 
uid dispersion of polytetrafluoroethylene (PTFE hereaf- 
ter) material, which is a fluorocarbon material, so as to 

35 enable quick exhaustion of water generated during the 
electrode reaction, and to maintain the polymer electro- 
lyte membrane and the polymer electrolyte in the gas 
diffusion electrode at an appropriate wet condition. An- 
other countermeasure taken is to mix carbon particles, 

40 having been subjected to water repellent treatment, with 
the electrode catalyst layers, thereby to more readily ex- 
haust excessive generated water in the electrode cata- 
lyst layers. 

[0009] However, such conventional countermeasures 
45 are not enough. It is difficult according thereto, with re- 
spect to the whole region of each gas diffusion layer 
from an inlet side to an outlet side of each gas flow chan- 
nel, to realize [I] a good balance between water retention 
and water exhaustion in the thickness direction of each 
so gas diffusion layer, i.e. direction perpendicular to the 
plane of the gas flow channels or of the surface of the 
gas diffusion layer; and [II] a uniform water retention at 
gas diffusion layer from the inlet side to the outlet side 
of each gas flow channel. 
55 [0010] Problems according to such prior art will be de- 
scribed below in more detail. 
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[I] Water exhaustion and water retention in thickness 
direction of gas diffusion layer 

[0011 J In a conventional polymer electrolyte fuel cell, 
a porous supporting carbon body, for a gas diffusion lay- 
er, is -used, for a gas diffusion electrode as described 
above. For such porous supporting carbon body, a car- 
bon cloth or a carbon unwoven fabric such as a carbon 
paper is used. Generally, a carbon unwoven fabric has 
an isotropic gas permeability, whereas a carbon cloth 
has a higher gas permeability in its thickness direction 
than in its surface plane direction, because the carbon 
cloth, which is made of a mesh, has pores defined by 
the mesh. For this reason, a carbon cloth is generally 
superior to a carbon unwoven fabric in the function of 
exhausting excessive water generated at the catalyst 
layer electrically conductive, whereas the carbon unwo- 
ven fabric is superior to the carbon cloth in the function 
of retaining water therein. 

[0012] Thus, the water exhaustion property and the 
water retention property in a gas diffusion layer are in a 
trade-off relation, i.e. incompatible, with each other. 
Therefore, it has been attempted to select an optimum 
material for the porous supporting carbon body from 
among various materials therefor, depending upon us- 
es, namely upon specific operation conditions. 
[0013] Therefore, when e.g. discharging currents 
vary, or when flow rates or amounts of humidification of 
the supplied gases change, then either amounts of wa- 
ter in the catalyst layers become short, or excessive wa- 
ter blocks the supplied gases from reaching the polymer 
electrolyte membranes, thereby to deteriorate resultant 
cell characteristics. Japanese Laid-open Patent Publi- 
cations Hei 8-124583 and Hei 6-262562 describe a 
technology to gradually increase coarseness of the 
mesh of a carbon cloth from an inlet side to an outlet 
side of the gas flow channel, namely from a finer mesh 
at the inlet side to a coarser mesh at the outlet side 
thereof. Such technology cannot solve the problem re- 
garding the water exhaustion property in the thickness 
direction of the gas diffusion layer. 
[0014] It is necessary furthermore to allow the sup- 
plied gases to sufficiently reach the polymer electrolyte 
membranes, with the balance between the water ex- 
haustion property and the water retention property being 
well maintained. In other words, high performance gas 
diffusion electrodes are needed to be designed in such 
a manner that water generated at the catalyst layers are 
qu ickiy sucked out to the gas diffusion layers, and is then 
evaporated in the gas diffusion layers to be effectively 
exhausted to outside. Thereby, excessive water is not 
retained in the electrode catalyst, and the polymer elec- 
trolyte is kept at an appropriate wet condition, with the 
supplied gases sufficiently reaching the polymer elec- 
trolyte membrane. 

[001 5] Furthermore, It is difficult and is a factor of cost 
increase to manufacture a carbon cloth having a mesh 
varying its fineness or coarseness thereof gradually in 



the surface plane direction thereof. 

[II] Uniform water retention at gas diffusion layer from 
inlet side to outlet side of gas flow channel 

5 

[001 6] A part of water generated by the electrode re- 
action is flown, together with the reactive gases flowing 
in the gas flow channels of the separator plates, to the 
outlet of the gas flow channels, and is exhausted to out- 
w side of the fuel cell. Accordingly, the amounts of water 
contained in the reactive gases so vary in the flow di- 
rection of the reactive gases as to cause a larger amount 
of water at the outlet side than at the inlet side of the 
reactive gases due to water generated by electrode cat- 
's alyst reaction or electrochemical reaction. This is likely 
to cause the amount of water at the outlet side to exceed 
a given threshold level, thereby to bring the outlet side 
to an excessively wet condition. Forthis reason, the fuel 
cell is likely to have a deteriorated water exhausting 
20 function at the outlet side of the gas flow channels. In 
an extreme case, a serious problem may arise in that 
the pores of the gas diffusion layers are occluded by the 
excessive water (flooding or flooding phenomena here- 
after), whereby the reactive gases are so inhibited from 
25 necessary diffusion as to cause an extreme decrease 
of the cell voltage. 

[0017] In contrast to the above, if the reactive gases 
to be supplied to the inlets of the gas flow are prelimi- 
narily so humidified with an amount of humidification as 

so to prevent the flooding phenomena at the outlets there- 
of, then the water content in the polymer electrolyte 
membrane at or in the vicinity of the inlets of the gas 
flow channels is likely to excessively decrease. This 
causes a problem to decrease the proton ic conductivity 

35 or increase protonic resistance of the polymer electro- 
lyte membrane there, whereby the cell voltage very 
much decreases. A fuel cell having gas diffusion elec- 
trodes of larger area and gas flow channels of longer 
length suffers very much more from above described 

40 undesired characteristics. 

[0018] A proposal for solving such problems is de- 
scribed in the Japanese Laid-open Patent Publication 
Hei 6-167562 as described above. The structure of a 
fuel cell described in this prior art is to increase the po- 

45 rosity of the gas diffusion layer from the inlet side to the 
outlet side of each gas flow channel as described also 
above. However, such prior art structure is likely to have 
problems of deteriorated basic performances of fuel 
cells in that the amount of gas diffusion gets non-uniform 

50 in the cell surface, and that gas diffusion electrodes get 
to have decreased electric conductivities at the outlet 
side of the gas flow channels or to have non-uniform 
electric conductivities in the cell surface. 

55 BRIEF SUMMARY OF THE INVENTION 

[0019] The present invention is such one as having 
been conceived in view of above described problems of 
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prior art, and the object of the present invention is to 
provide a polymer electrolyte fuel ceil having an im- 
proved basic performance by realizing a well balanced 
wet condition of the fuel cell, particularly at the gas dif- 
fusion layers with respect to the whole region of the gas 
diffusion layers from the inlets to the outlets of the gas 
flow channels. 

[0020] More specifically, a first object of the present 
invention is to provide a polymer electrolyte fuel cell, in 
which [I] a good balance between water retention and 
water exhaustion in the thickness direction of each gas 
diffusion layer, i.e. direction perpendicular to the plane 
of each gas flow channel or of the surface of each gas 
diffusion layer, Is realized. 

[0021] A second object of the present invention is to 
provide a polymer electrolyte fuel cell, in which [II] uni- 
form water retention at the gas diffusion layer from an 
inlet side to an outlet side of each gas flow channel is 
realized. 

[I] Water exhaustion and water retention in thickness 
direction of gas diffusion layer 

[0022] The first object of the present invention is 
achieved by providing a porous supporting carbon body 
of a gas diffusion layer with an appropriate distribution 
of a finer mesh at the catalyst layer side and a coarser 
mesh at the other side, i.e. a larger number of smaller 
pores at the catalyst layer side and a smaller number of 
larger pores at the other side. In providing such an ap- 
propriate mesh or pore distribution thereof, the present 
invention provides two manners. 
[0023] A polymer electrolyte fuel cell according to a 
first manner for the first object of the present invention 
comprises: an ion conductive polymer electrolyte mem- 
brane; a pair of gas diffusion electrodes provided to 
sandwich therebetween the polymer electrolyte mem- 
brane, thereby to form a polymer electrolyte membrane- 
electrode assembly; and a pair of separator plates being 
provided to sandwich therebetween the polymer elec- 
trolyte membrane-electrode assembly at the pair of gas 
diffusion electrodes, and having gas flow channels to 
face the pair of gas diffusion electrodes respectively, 
wherein the pair of gas diffusion electrodes respectively 
have a pair of catalyst layers to contact the polymer elec- 
trolyte membrane, and also have a pair of gas diffusion 
layers to contact the pair of catalyst layers, wherein each 
of the gas diffusion layers comprises a porous support- 
ing carbon body, wherein each of the porous supporting 
carbon bodies comprises at least a first porous carbon 
layer and a second porous carbon layer, the first porous 
carbon layer facing corresponding one of the catalyst 
layers, and wherein the first porous carbon layer has a 
larger number of smaller pores distributed therein as 
compared with the second porous carbon layer, the sec- 
ond porous carbon layer thus having a smaller number 
of larger pores distributed therein as compared with the 
first porous carbon layer. 



[0024] Each of the porous supporting carbon bodies 
is preferred to comprise a carbon cloth. 
[0025] It is effective that the first and the second po- 
rous carbon layers comprises a first carbon cloth and a 
5 second carbon cloth, respectively, and that the first car- 
bon cloth has a finer mesh than that of the second car: . , 
bon cloth. 

[0026] It is effective that the first and the second po- 
rous carbon layers comprise a first layer of wefts and a 

io second layer of wefts, respectively, wherein the first lay- 
er of the wefts and the second layer of the wefts are 
woven by common warps in a manner that the first layer 
of the wefts has a shorter average inter-weft distance 
than that of second layer of the wefts. 

is [0027] It is effective that the first carbon cloth and the 
second carbon cloth are made of first threads and sec- 
ond threads, respectively, wherein the first threads have 
an average diameter smaller than that of the second 
threads, thereby to allow the first carbon cloth to have 

20 a finer mesh than that of the second carbon cloth. 

[0028] It is effective that the first porous carbon layer 
comprises a carbon unwoven fabric, and the second po- 
rous layer comprises a carbon cloth. 
[0029] Each of the pair of gas diffusion layers is pre- 

25 f erred to comprise an electrically conductive polymer- 
containing layer provided on the porous supporting car- 
bon body thereof at the catalyst layer side thereof, 
wherein the electrically conductive polymer-containing 
layer comprises a polymer material and electrically con- 

30 ductive carbon particles. 

[0030] The polymer material of the electrically con- 
ductive polymer-containing layer is preferred to contain 
a fluorocarbon resin. 

[0031] Each of the porous supporting carbon bodies 

35 js preferred to have water repellent property. 

[0032] A polymer electrolyte fuel cell according to a 
second manner for the first object of the present inven- 
tion comprises: an ion conductive polymer electrolyte 
membrane; a pair of gas diffusion electrodes provided 

40 to sandwich therebetween the polymer electrolyte mem- 
brane, thereby to form a polymer electrolyte membrane- 
electrode assembly; and a pair of separator plates being 
provided to sandwich therebetween the polymer elec- 
trolyte membrane-electrode assembly at the pair of gas 

<5 diffusion electrodes, and having gas flow channels to 
face the pair of gas diffusion electrodes respectively, 
wherein the pair of gas diffusion electrodes respectively 
have a pair of catalyst layers to contact the polymer elec- 
trolyte membrane, and also have a pair of gas diffusion 

50 layers to contact the pair of catalyst layers, wherein each 
of the gas diffusion layers comprises a carbon cloth hav- 
ing first mesh portions and second mesh portions, 
wherein the second mesh portions are coarser than the 
first mesh portions, and are distributed among the first 

55 mesh portions intermittently in a direction of the surface 
plane thereof. 

[0033] It is effective that the first mesh portions and 
the second mesh portions are made of first threads and 
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second threads, respectively, wherein the second 
threads have an average diameter larger than that of 
the first threads, and wherein the second mesh portions 
are distributed among the first mesh portions periodical- 
ly in a direction of the surface plane thereof. 
[0034] It is effective that the carbon cloth Js made of 
warps and such wefts that periodically vary the inter- 
weft distances in a direction of the surface plane of the 
carbon cloth, thereby to obtain the periodical distribution 
of the second mesh portions among the first mesh por- 
tions. 

[0035] Each of the pair of gas diffusion layers is pre- 
ferred to comprise an electrically conductive polymer- 
containing layer provided on the carbon cloth thereof at 
the catalyst layer side thereof, wherein the electrically 
conductive polymer-containing layer comprises a fluor- 
ocarbon resin and electrically conductive carbon parti- 
cles. 

[0036] Each of the gas diffusion layers is preferred to 
have water repellent property. 

[II] Uniform water retention at gas diffusion layer from 
inlet side to outlet side of gas flow channel 

[0037] The second object of the present invention is 
achieved by providing a unique gas diffusion layer in a 
polymer electrolyte fuel cell comprising: an ion conduc- 
tive polymer electrolyte membrane; a pair of gas diffu- 
sion electrodes provided to sandwich therebetween the 
polymer electrolyte membrane, thereby to form a poly- 
mer electrolyte membrane-electrode assembly; and a 
pairof separator plates being provided to sandwich ther- 
ebetween the polymer electrolyte membrane-electrode 
assembly at the pair of gas diffusion electrodes, and 
having gas flow channels to face the pair of gas diffusion 
electrodes respectively, wherein the pair of gas diffusion 
electrodes respectively have a pair of catalyst layers to 
contact the polymer electrolyte membrane, and also 
have a pair of gas diffusion layers to contact the pair of 
catalyst layers. 

[0038] A gas diffusion layer according to a first man- 
ner for the second object of the present invention com- 
prises: a porous supporting body, preferably a porous 
supporting carbon body; and an electrically conductive 
polymer-containing layer provided on the porous sup- 
porting body, wherein the electrically conductive poly- 
mer-containing layer comprises a polymer and electri- 
cally conductive carbon particles which comprise at 
least a first carbon powder or first carbon particles and 
a second carbon powder or second carbon particles that 
have a larger amount of acidic function group than that 
of the first carbon powder or particles, and wherein the 
weight ratio of the second carbon powder or particles, 
relative to the first carbon powder or particles, increases 
from one end of the gas diffusion layer, corresponding 
to an inlet of the gas flow channel, to the other end of 
the gas diffusion layer corresponding to an outlet of the 
gas flow channel. 



[0039] A gas diffusion layer according to a second 
manner for the second object of the present invention 
comprises: a porous supporting body, preferably a po- 
rous supporting carbon body; and an electrically con- 

5 ductive polymer-containing layer provided on the po- 

. - rous supporting body, wherein the electrically conduc- 
tive polymer-containing layer comprises a polymer ma- 
terial and an electrically conductive carbon powder or 
carbon particles, which polymer material comprises at 

10 least a first polymer material and a second polymer ma- 
terial that has a lower degree of crystal Unity than that of 
the first polymer material, and wherein the weight ratio 
of the second polymer material, relative to the first pol- 
ymer material, increases from one end of the gas diffu- 

15 sion layer, corresponding to an inlet side of gas flow 
channel to the other end of the gas diffusion layer cor- 
responding to an outlet side of the gas flow channel. 
[0040] A gas diffusion layer according to a third man- 
ner for the second object of the present invention com- 

20 prises: a porous supporting body, preferably a porous 
supporting carbon body; and an electrically conductive 
polymer-containing layer provided on the porous sup- 
porting body, wherein the electrically conductive poly- 
mer-containing layer comprises a polymer material and 

25 electrically conductive carbon particles, which polymer 
material comprises at least a first polymer material and 
a second polymer material that has a higher coefficient 
of moisture permeability than that of the first polymer, 
and wherein the weight ratio of the second polymer ma- 

30 terial, relative to the first polymer material, increases 
from one end of the gas diffusion layer, corresponding 
to an inlet of the gas flow channel, to the other end of 
the gas diffusion layer corresponding to an outlet of the 
gas flow channel. 

35 [0041] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed de- 

40 scription taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

45 [0042] FIG. 1 is a cross-sectional view of a conven- 
tional polymer electrolyte fuel cell, schematically show- 
ing a main part of its structure. 

[0043] FIG. 2 is an oblique view, partially in cross-sec- 
tion, of a carbon cloth in EXAMPLE 1-1 according to 
so Mode of Embodying the Invention [I] of the present in- 
vention (Mode [I] hereafter), schematically showing its 
structure. 

[0044] FIG. 3 is a cross-sectional view of a polymer 
electrolyte fuel cell according to EXAMPLE 1-1 and other 
55 EXAMPLES of the present invention, schematically 
showing a main part of its structure. 
[0045] FIG. 4 is a graph showing current density-volt- 
age characteristics of unit cells prepared in EXAMPLES 
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1-1 to I-3 and COMPARATIVE EXAMPLE according to 
Mode [I]. 

[0046] FIG. 5 is an oblique view, partially in cross-sec- 
tion, of a carbon cloth In EXAMPLE I-2 according to 
Mode [I], schematically showing its structure. 
[0047] FIG. 6 is an oblique view, partially in cross-sec- 
tion, of a carbon cloth in EXAMPLE I-3 according to 
Mode [I], schematically showing its structure. 
[0048] FIG. 7 is an oblique view, partially in cross-sec- 
tion, of a carbon cloth in EXAMPLE I-4 according to 
Mode [I], schematically showing its structure. 
[0049] FIG. 8 is an oblique view, partially in cross-sec- 
tion, of a carbon cloth according to COM PARATIVE EX- 
AMPLE in Mode [I], schematically showing its structure. 
[0050] FIG. 9 is a graph showing current density-volt- 
age characteristics of unit cells prepared in EXAMPLES 
I-4 to I-8 according to Mode [I]. 
[0051] FIG. 10 is an oblique view, partially in cross- 
section, of a stack of a carbon cloth and a carbon paper 
in EXAMPLE I-6 according to Mode [I], schematically 
showing its structure. 

[0052] FIG. 11 is an oblique view, partially in cross- 
section, of a gas diffusion electrode and an electrically 
conductive polymer-containing layer in the gas diffusion 
layer of the gas diffusion electrode in EXAMPLE 11-1 ac- 
cording to Mode of Embodying the Invention [II] of the 
present invention (Mode [II] hereafter), schematically 
showing its structure. 

[0053] FIG. 12 is an oblique view, partially in cross- 
section, of a conventional gas diffusion electrode and a 
conventional electrically conductive polymer-containing 
layer in the conventional gas diffusion layer of the con- 
ventional gas diffusion electrode for reference in Mode 
[II], schematically showing its structure. 
[0054] FIG. 13 is an oblique view, partially in cross- 
section, of a gas diffusion electrode and an electrically 
conductive polymer-containing layer in the gas diffusion 
layer of the gas diffusion electrode in EXAMPLE 1 1-2 ac- 
cording to Mode [I I], schematically showing its structure. 
[0055] FIG. 14 is an oblique view, partially in cross- 
section, of a gas diffusion electrode and a gas diffusion 
layer in EXAMPLE II-3 according to Mode [II], schemat- 
ically showing its structure. 

[0056] FIG. 15 is a cross-sectional view of a polymer 
electrolyte fuel cell according to EXAMPLE 11-1 and oth- 
er EXAMPLES according to Mode [II], schematically 
showing a main part of its structure. 
[0057] FIG. 16 is a perspective view schematically 
showing a process of coating liquid dispersions, for an 
electrically conductive polymer-containing layer, on a 
surface of a porous supporting carbon body for a gas 
diffusion layer according to Mode [II]. 

DETAILED DESCRIPTION OF THE INVENTION 

[0058] Several aspects of the present invention will be 
described in the following Modes [I] and [II] accompa- 
nying EXAMPLES thereof. 



Mode [I]: Water exhaustion and water retention in 
thickness direction of gas diffusion layer 

[0059] According to a first manner of Mode [I] of the 
s present invention, a gas diffusion layer in a polymer 
electrolyte fuel cell comprises a porous supporting car- 
bon body, which has a pore distribution varying in a 
thickness direction of the gas diffusion layer or porous 
supporting carbon body. More specifically, the porous 

10 supporting carbon body has a larger number of smaller 
pores at its catalyst layer side, and a smaller number of 
larger pores at its separator plate side. In the case that 
a carbon cloth is used for the porous supporting carbon 
body, a larger number of smaller pores can be realized 

15 by using a carbon cloth having a finer mesh. Such var- 
ying pore distribution makes it possible to realize a good 
balance between the function of retaining necessary 
water at the catalyst layer and the function of exhausting 
excessive water from the gas diffusion layer. 

20 [0060] More specifically, water at the catalyst layer 
can be retained at a portion of the gas diffusion layer, 
which portion has a larger number of smaller pores. 
When excessive water is generated and overflows from 
the catalyst layer to a major part of the gas diffusion lay- 

25 er, the water is drawn to a portion of the gas diffusion 
layer having a smaller number of larger pores. The larg- 
er pores can more readily exhaust the water to outside, 
so that excessive water can be more quickly taken away 
thereby from the catalyst layer. At the portion of the gas 

30 diffusion layer or porous carbon body having larger 
pores, the water and the gas are separated from each 
other. In other words, water exhaustion paths are sep- 
arated from gas passing paths, so that necessary water 
exhaustion property and necessary water retention 

35 property at the catalyst layer can be realized at the same 
time. 

[0061] According to a second manner of Mode [I] of 
the present invention, a gas diffusion layer in a polymer 
electrolyte fuel cell comprises a carbon cloth having first 

40 mesh portions and second mesh portions, wherein the 
second mesh portions are coarser than the first mesh 
portions, and are distributed among the first mesh por- 
tions intermittently in a direction of the surface plane 
thereof. In other words, pore distribution varies in the 

45 surface plane direction of the carbon cloth in a manner 
that smaller pore portions and larger pore portions are 
alternately arranged. Thereby, necessary water ex- 
haustion property at the gas diffusion layer and neces- 
sary gas diffusion to the catalyst layer can be realized 

50 at the same time. 

[0062] More specifically, excessive water generated 
at the catalyst layer is drawn to the larger pores, and is 
quickly taken away from the catalyst layer. Meanwhile, 
the gas is diffused toward the catalyst layer through the 

55 smaller pores, so that the water exhaustion paths are 
separated from the gas passing or gas diffusion paths, 
thereby to realize above described necessary water ex- 
haustion property at the gas diffusion layer and neces- 
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sary gas diffusion to the catalyst layer. 
[0063] Each of the pair of gas diffusion layers accord- 
ing to the first manner and the second manner in Mode 
[I] is preferred to comprise an electrically conductive pol- 
ymer-containing layer provided thereon at the catalyst 
layer side thereof, wherein the electrically conductive 
polymer-containing layer comprises a polymer material 
and electrically conductive carbon particles. More pref- 
erably, the polymer material of the electrically conduc- 
tive polymer-containing layer is to contain a fluorocar- 
bon resin. This feature brings about effects that exces- 
sive water at the catalyst layers can more effectively be 
exhausted, and that the porous supporting carbon bod- 
ies can be prevented from intruding into the ion conduc- 
tive polymer membrane, thereby to prevent short- 
circuiting of the gas diffusion electrodes. 
[0064] In order to allow the gas diffusion layer to have 
a larger number of smaller pores at the catalyst layer 
side and a smaller number of larger pores at the other 
side in a fuel cell according to the first manner in Mode 
[I], the present invention provides the following three 
manners: (1) to stack plural carbon cloths having mesh- 
es of different finenesses, i.e. a finer mesh of carbon 
cloth and a coarser mesh of carbon cloth; (2) to weave 
plural layers of wefts by common warps in a manner that 
one of the weft layers has a shorter average inter-weft 
distance than that of another one of the weft layers; and 
(3) to stack a carbon unwoven fabric and a carbon cloth. 
[0065] The fineness or coarseness of a mesh of a car- 
bon cloth can be realized by using plural threads having 
different diameters. By using threads having a larger di- 
ameter, the mesh of a resultant carbon cloth can be- 
come coarser, namely that the number of threads per 
unit cross section of the carbon cloth becomes smaller, 
whereby pores in the unit cross section become smaller 
in number and larger in average size thereof. 
[0066] This can be more specifically described by the 
number of threads, either warps or wefts, at a unit cross 
section cut by a plane parallel to and between neighbor- 
ing wefts or warps and perpendicular to the carbon cloth 
surface. For example, let us assume that three kinds of 
threads having diameters of 200 ujti, 300 ujti and 600 
um, respectively, are prepared by stranding up carbon 
fibers having a diameter of 1 0 ujti, and that three single- 
layer carbon cloths are woven by using the three kinds 
of threads, respectively, in a manner that each of the 
three single-layer carbon cloths is woven by using only 
one of the three kinds of threads. 
[0067] On this assumption, the number of wefts or 
warps at the unit cross section, as defined above, and 
having a length of 1 inch of each single-layer carbon 
cloth (thickness of the cross section being that of the 
carbon cloth) in the case of using the threads having a 
diameter of 200 urn is 70. Likewise, the numbers of 
threads, having diameters of 300 um and 600 ujti re- 
spectively, at the unit cross section of 1 inch in the other 
two single layer carbon cloths are 60 and 40, respec- 
tively. If strip shaped threads each having a width of 1 



mm, as a fourth kind, are used as both the wefts and 
warps for a single-layer carbon cloth, the number of 
threads at the unit section of 1 inch is 12. 
[0068] Regarding carbon unwoven fabrics, apparent 

s densities thereof are to be varied for varying pore distri- 
: buttons therein. Specifically, the, pore distributions of. 
carbon unwoven fabrics can be varied by selecting one 
from among unwoven fabrics, such as carbon papers, 
having different apparent densities. A carbon unwoven 

10 fabric having a higher apparent density has a larger 
number of averagely smaller pores. 
[0069] Such carbon unwoven fabrics can be custom- 
made, but can also be selected from among commer- 
cially available ones. With respect to commercially avail- 
's able carbon unwoven fabrics, e.g. carbon papers man- 
ufactured by Mitsubishi Rayon Co., Ltd. (Model No. 
MFG-070 and MFV4-120) have apparent densities of 
0.44 g/cm 3 and 0.49 g/cm 3 , respectively. A carbon paper 
manufactured by Toray Industries, Inc. (Model No. 

20 TGP-H-060) has an apparent density of 0.42 to 0.46 g/ 
cm 3 . Further, a carbon paper manufactured by Ballard 
Material Products Inc. (Model No. AvCarb P50T) and a 
carbon paper manufactured by Nippon Carbon Co., Ltd. 
(Model No. GF-20-N05) have apparent densities of 0.28 

25 g/cm 3 and 0.06 g/cm 3 , respectively. 

[0070] Next, in order to obtain a carbon cloth accord- 
ing to a second manner of Mode [I], which has plural 
kinds of mesh portions different from each other in the 
fineness or coarseness of the mesh, wherein one kind 

30 of mesh portions are intermittently or periodically ar- 
ranged among another kind of the mesh portions, the 
present invention provides the following two manners: 
(1 ) to intermittently or alternately or periodically arrange 
plural kinds of threads having different diameters; and 

35 (2) to intermittently or periodically vary inter-weft dis- 
tances in the carbon cloth, In both manners of which the 
resultant carbon cloth gets to have unique mesh distri- 
butions. In these manners (1) and (2), the resultant 
mesh distributions are not necessary to be periodic. 

40 However, if the mesh distributions are random, the re- 
sultant fuel cell may suffer variations of characteristics 
depending on the locations on the surface of the carbon 
cloth or gas diffusion layer, whereby the resultant cell 
voltage may get lowered thereby. Accordingly, the mesh 

45 distributions of the carbon cloth are preferred to be pe- 
riodic for the purpose of obtaining uniform characteris- 
tics with respect to the whole surface of the carbon cloth 
or gas diffusion layer. 

[0071 ] The size of each mesh can be defined by a dis- 
50 tance between neighboring threads arranged in parallel, 
namely inter-thread distance. Thus, the size of the mesh 
can be varied by varying inter-tread distance, either in- 
ter-weft distance or inter-warp distance. Further, by ar- 
ranging threads having a larger diameter, the mesh de- 
55 fined thereby can become larger. 

[0072] This can more specifically be described as fol- 
lows. For example, in the case when a weft having a 
diameter of 600 urn made by stranding up 1 0 um diam- 
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eter carbon fibers is interveningly placed for every sev- 
eral consecutive wefts each having a diameter of 300 
u/n made by stranding up 1 0 ujti, then the distance be- 
tween neighboring wefts each having a diameter of 300 
\irr\ is about 0.42 mm, while the distance between the 
•intervened weft having a diameter of 600 pjn and a 
neighboring weft having a diameter of 300 urn is about 
0.53 mm. 

[0073] Instead of using such different threads, a 
unique mesh distribution can also be obtained by inter- 
mittently taking out threads in a carbon cloth. For exam- 
ple, in a carbon cloth made of wefts each having a di- 
ameter of 300 urn and being made by stranding up car- 
bon fibers having a diameter of 1 0 urn, in which one weft 
thereof is taken out for every several consecutive wefts, 
the distance between neighboring wefts in the every 
several consecutive wefts is about 0.42 mm, while the 
distance between neighboring wefts with a weft there- 
between having been taken out is about 0.84 mm. 
[0074] The porous supporting carbon bodies or car- 
bon cloths, in a polymer electrolyte fuel cell according 
to the first and the second manners in Mode [I], are pre- 
ferred to have water repellent property, namely to have 
been subjected to water repellent treatment. This is par- 
ticularly preferable for the purpose of cell operation at a 
high current density. This is to prevent water from re- 
taining in the gas diffusion layer even when the cell is 
discharged at a hig h current density. An example of such 
water repellent treatment is to impregnate a liquid dis- 
persion of PTFE in the porous supporting carbon bodies 
or the carbon cloths, and then to subject them to heat 
treatment. 

[0075] The carbon cloth can ordinarily be woven by 
using carbon fiber threads. However, a more effective 
way, when a complicated mesh structure is needed, is 
to firstly weave a cloth by using e.g. polyacrylonitrile 
(PAN hereafter) fiber, and then to subject the cloth to 
heat treatment in an inert gas. Generally, nitrogen is to 
be used as the inert gas, and the temperature for the 
heat treatment is from 1 ,000°C to 2,000°C. 
[0076] Hereinafter, the Mode [i] of the present inven- 
tion will more specifically be described in the following 
EXAMPLES [I]. 

EXAMPLES [I] 

<EXAMPLE 1-1 > 

[0077] Firstly, as schematically shown in FIG. 2, a car- 
bon cloth, having a finer mesh at the catalyst layer side 
thereof and a coarser mesh at the separator plate side 
thereof, was made as follows. 

[0078] Threads each having a diameter of about 300 
\im and made by stranding up PAN fibers having a di- 
ameter of about 1 0 um was prepared as wefts 20a for 
a first layer. Likewise, threads each having a diameter 
of about 600 ujti and made by stranding up PAN fibers 
having a diameter of about 1 0 u/n was prepared as wefts 



20b for a second layer. The threads having a diameter 
of about 600 um were further used as warps 20c in the 
second layer to knit the wefts 20b of the second layer. 
Further, the threads having a diameter of about 300 u,m 

5 were used as warps 20d to knit the wefts 20a, 20b of 
both the first layer and the second layer. Thereby, a cloth 
or precursor of carbon cloth 20 was made. 
[0079] The thus made precursor of carbon cloth was 
heated to be graphitized at 2,000°C in a nitrogen atmos- 

10 pherefor24hours,therebytomakeacarboncloth. FIG. 
2 is an oblique view, partially in cross-section, of such 
carbon cloth 20 seen from the second layer side, sche- 
matically showing its structure. 
[0080] Into the thus made carbon cloth, a liquid dis- 

15 persion of PTFE (product of Daikin Industries, Ltd.: Lu- 
bron LDW-40) was impregnated so that the carbon cloth 
had 1 0 wt% of PTFE in dry weight. The carbon cloth with 
the liquid dispersion of PTFE was heated at 350°C by 
using a hot-air drier, thereby to have water repellent 

20 property. 

[0081] Thereafter, a layer made of a carbon powder 
and a fluorocarbon resin, that is an electrically conduc- 
tive polymer-containing layer, was formed on the carbon 
cloth as follows. Firstly, a liquid dispersion of carbon 

25 made by dispersing a carbon powder (product of Denki 
Kagaku Kogyo Kabushiki Kaisha: Denka Black) in a liq- 
uid dispersion of PTFE (product of Daikin Industries, 
Ltd.: Lubron LDW-40), so that the liquid dispersion of 
carbon particles and the PTFE resin had 30 wt% of PT- 

30 FE in dry weight. This liquid dispersion of the carbon 
particles and the PTFE resin was coated on the first lay- 
er side, i.e. finer mesh side, of the carbon cloth having 
been subjected to water repellent treatment, and was 
heated at 350°C by using a hot-air dryer, thereby to 

35 make a gas diffusion layer having an electrically con- 
ductive polymer-containing layer. At the surface of the 
carbon cloth having the electrically conductive polymer- 
containing layer, a part of the polymer-containing layer 
Is buried in the carbon cloth, while the other part thereof 

40 is positioned on the surface of the carbon cloth. 

[0082] Next, an MEA was made as follows. A mixture 
of: 10 g of an electrically conductive carbon powder 
(product of Tanaka Kikinzoku Kogyo K.K.: 
TEC10E50E), carrying 50 wt% of platinum particles 

45 having an average particle size of about 30 A; 10 g of 
water; and 55 g of an ethanol solution of an ion conduc- 
tive polymer electrolyte in an amount of 9 wt% (product 
of Asahi Glass Co., Ltd.: Flemion) was prepared as a 
paste for a catalyst layer. This paste was coated on a 

50 polypropylene film by bar coating using a wire bar, and 
was dried, thereby to obtain a catalyst layer for oxidant 
gas diffusion electrode or cathode. An adjustment was 
made so that the amount of the coated catalyst layer 
had 0.3 mg/cm 2 of platinum. 

55 [0083] Likewise, a mixture of: 10 g of an electrically 
conductive carbon powder (product of Tanaka Kikinzoku 
Kogyo K.K.: TEC61 E54), carrying platinum-ruthenium 
alloy particles; 10 g of water; and 50 g of an ethanol 
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solution of an ion conductive polymer electrolyte in an 
amount of 9 wt% (product of Asahi Glass Co., Ltd.: 
Flemion) was prepared as a paste for a catalyst layer. 
This paste was coated on a polypropylene film by bar 
coating using a wire bar, and was dried, thereby to ob- 
tain a catalyst layer- for fuel gas diffusion electrode or 
anode. An adjustment was made so that the amount of 
the coated catalyst layer had 0.3 mg/cm 2 of platinum. 
[0084] Each of the thus made two polypropylene films 
was respectively cut to have a shape of 6 cm square. 
An ion conductive polymer electrolyte membrane (prod- 
uct of Japan Gore-Tex Inc.: Gore-Select) having a thick- 
ness of 30 jim was sandwiched by the above made two 
6 cm square polypropylene films in a manner that the 
respective catalyst layers contacted the electrolyte 
membrane, and was hot-pressed at 130°C for 10 min- 
utes. Thereafter, the polypropylene films were taken 
away, thereby to obtain a polymer electrolyte membrane 
with the catalyst layers. 

[0085] The thus made polymer electrolyte membrane 
with the catalyst layers was sandwiched by a pair of gas 
diffusion layers 11 3 in a manner that the first layers of 
the respective gas diffusion layers contacted the cata- 
lyst layers on the electrolyte membrane, thereby to ob- 
tain an MEA, as shown in FIG. 3. By using the thus made 
MEA, a unit cell as a polymer electrolyte fuel cell for 
characteristics measurement was assembled. FIG. 3 
schematically shows a structure of such unit cell as de- 
scribed in the following. 

[0086] Referring to FIG. 3, opposite main surfaces of 
a polymer electrolyte membrane 111 for selectively 
transporting hydrogen ions are provided with a pair of 
catalyst layers 112 to intimately contact the membrane 
respectively. Each catalyst layer 1 1 2 has a carbon pow- 
der as a main component and carrying platinum metal 
catalyst. Outside the respective catalyst layers 112 are 
provided a pair of gas diffusion layers to intimately con- 
tact the catalyst layers 112, wherein each gas diffusion 
layer 113 comprises a porous supporting carbon body, 
made of porous carbon material and supporting e.g. the 
catalyst layer. A combination of each gas diffusion layer 
113 and each catalyst layer 112 constitutes a gas diffu- 
sion electrode 14. 

[0087] A pair of separator plates 1 1 7 are provided out- 
side the pair of gas diffusion electrodes 114 which me- 
chanically fix an MEA 115 constituted by the gas diffu- 
sion electrodes 114 and the polymer electrolyte mem- 
brane 111, and which have gas flow channels 1 1 6 at the 
surfaces thereof contacting gas diffusion electrodes for 
supplying the reactive gases to the gas diffusion elec- 
trodes, and for exhausting, to outside, water generated 
by the electrochemical reaction and excessive gases. 
Further, gaskets 118 are provided and sandwiched be- 
tween the polymer electrolyte membrane 111 and the 
separator plates 117 for preventing the reactive gases 
from leaking to outside. 

[0088] The temperature of the unit cell was set at 
70° C, and was supplied at an anode thereof with a hy- 



drogen gas humidified and heated to have a dew point 
of 70° C , and was also supplied at a cathode thereof with 
air humidified and heated to have a dew point of 60°C. 
This unit cell was then subjected to a discharge or power 

5 generation test under the conditions of a hydrogen uti- 
lization rate of 80%, and an air utilization rate of 40% 
with an electric current flowing at a density from 0 to 800 
mA/cm 2 . By measurements, it was found that the unit 
cell showed good discharge voltages, irrespectively of 

io the current densities. One curve designated by EXAM- 
PLE 1-1 in FIG. 4 shows such measured current density- 
voltage characteristics of the unit cell. 
[0089] This was owing to the unique carbon cloth hav- 
ing a finer mesh at the catalyst layer side and a coarser 

15 mesh at the separator plate side, i.e. a larger number of 
smaller pores at the catalyst layer side and a smaller 
number of larger pores at the separator plate side. Be- 
cause of the unique carbon cloth, water generated at 
the catalyst layer was quickly sucked out to the gas dif- 

20 fusion layer, which in turn evaporated the water therein, 
thereby to effectively exhaust the water to outside the 
unit cell. Thereby, excessive water did not retain in the 
gas diffusion electrode, and at the same time, the poly- 
mer electrolyte membrane was maintained at an appro- 

25 priate wet condition. 

<EXAMPLE l-2> 

[0090] A multi -layer carbon cloth 50 as schematically 

30 shown in FIG. 5 was made as follows. A first cloth was 
made by plain weave, using threads having a diameter 
of about 300 uxn and having been made by stranding up 
PAN fibers having a diameter of about 10 urn. A second 
cloth was likewise made by plain weave, using threads 

35 having a diameter of about 600 ujti and having been 
made by stranding up PAN fibers having a diameter of 
about 10 um The first cloth and the second cloth were 
then heated at 2,000°C in a nitrogen atmosphere for 24 
hours to get graphitized to be carbon cloths. 

40 [0091] These carbon cloths were subjected to water 
repellent treatment in a manner similar to that described 
in EXAMPLE 1-1 , and the carbon cloth 50a made of the 
first cloth was stacked on the carbon cloth 50b made of 
the second cloth to be the multi-layer carbon cloth 50. 

45 FIG. 5 is an oblique view, partially in cross-section, of 
such multi-layer carbon cloth 50 seen from the second 
cloth side, schematically showing its structure. As in EX- 
AMPLE 1-1 , an electrically conductive polymer-contain- 
ing layer made of a carbon powder and a f luorocarbon 

50 resin was formed on the carbon cloth 50a made of the 
first cloth, thereby to make a gas diffusion layer. 
[0092] By using the thus made gas diffusion layer, a 
unit cell for characteristics measurements was made, 
and was subjected to a discharge test in the same man- 

55 ner as in EXAMPLE 1-1 . It was found thereby that the 
unit cell according to the present EXAMPLE showed 
good discharge voltages, irrespectively of the current 
densities. One curve designated by EXAMPLE 1-2 in 
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FIG. 4 shows such measured current density-voltage 
characteristics of the unit cell. 

<EXAMPLE l-3> 

5 

[0093] A single layer carbon cloth 60 as schematically 
shown in FIG. 6 was made as follows. A cloth was made 
by plain weave, using threads having a diameter of 
about 300 \im and having been made by stranding up 
PAN fibers having a diameter of about 1 0 ujti, and also 10 
using threads having a diameter of about 600 urn and 
having been made by stranding up PAN fibers having a 
diameter of about 10 urn. More specifically, each 600 
ujti thread was placed for every consecutive three 300 
u.m threads for both the wefts and the warps, so that '5 
each 600 p.m thread was placed between neighboring 
two groups of three consecutive threads as to both the 
weft arrangement and the warp arrangement as can be 
understood from FIG. 6. The thus made cloth was then 
heated at2,000°C in a nitrogen atmosphere for 24 hours 20 
to get graphitized to be the carbon cloth 60. 
[0094] FIG. 6 is an oblique view, partially in cross-sec- 
tion, of such carbon cloth 60, schematically showing its 
structure. The thus made carbon cloth was subjected to 
water repellent treatment in a manner similar to that de- 25 
scribed in EXAMPLE 1-1 . Thereafter, as in EXAMPLE I- 
1 , an electrically conductive polymer-containing layer 
made of a carbon powder and a fluorocarbon resin was 
formed on the carbon cloth, thereby to make a gas dif- 
fusion layer. 30 
[0095] By using the thus made gas diffusion layer, a 
unit cell for characteristics measurements was made, 
and was subjected to a discharge test in the same man- 
ner as in EXAMPLE 1-1 . It was found thereby that the 
unit cell according to the present EXAMPLE showed 35 
good discharge voltages, irrespectively of the current 
densities. One curve designated by EXAMPLE I-3 in 
FIG. 4 shows such measured current density-voltage 
characteristics of the unit cell. 

40 

<EXAMPLE l-4> 

[0096] A single-layer carbon cloth 70 as schematically 
shown in FIG. 7 was made as follows. A cloth was made 
by plain weave, using threads having a diameter of 45 
about 300 ujti and having been made by stranding up 
PAN fibers having a diameter of about 1 0 um More spe- 
cifically, one thread was taken out for every four consec- 
utive threads for both the wefts and the warps, so that 
a space for one thread was left without arranging thereat so 
a thread between neighboring two groups of three con- 
secutive threads, whereby a distance of about twice the 
distance between neighboring two threads in each 
group of three consecutive threads was made between 
two neighboring groups of three consecutive threads as ss 
to both the weft arrangement and the warp arrangement 
as can be understood from FIG. 7. The thus made cloth 
was then heated at 2,000°C in a nitrogen atmosphere 



for 24 hours to get graphitized to be the carbon cloth 70. 
[0097] FIG. 7 is an oblique view, partially in cross-sec- 
tion, of such carbon cloth 70, schematically showing its 
structure. The thus made carbon cloth was subjected to 
water repellent treatment in a manner similar to that de- 
scribed in EXAMPLE 1-1 . Thereafter, as in EXAMPLE I- 
1 , an electrically conductive polymer-containing layer 
made of a carbon powder and a fluorocarbon resin was 
formed on the carbon cloth, thereby to make a gas dif- 
fusion layer. 

[0098] By using the thus made gas diffusion layer, a 
unit cell for characteristics measurements was made, 
and was subjected to a discharge test in the same man- 
ner as in EXAMPLE 1-1 . It was found thereby that the 
unit cell according to the present EXAMPLE showed 
good discharge voltages, irrespectively of the current 
densities. One curve designated by EXAMPLE I-4 in 
FIG. 9 shows such measured current density-voltage 
characteristics of the unit cell. 

<EXAMPLE l-5> 

[0099] A gas diffusion layer according to the present 
EXAMPLE I-5 was made in the same manner as in EX- 
AMPLE 1-1 , except that here the electrically conductive 
polymer-containing layer made of a carbon powder and 
a fluorocarbon resin was not formed on the gas diffusion 
layer. By using the thus made gas diffusion layer accord- 
ing to the present EXAMPLE, a unit cell for characteris- 
tics measurements was made, and was subjected to a 
discharge test in the same manner as in EXAMPLE 1-1 . 
It was found thereby that the unit cell according to the 
present EXAMPLE showed sufficiently high discharge 
voltages at high current densities, although it showed 
relatively low discharge voltages at low current densi- 
ties. One curve designated by EXAMPLE I-5 in FIG. 9 
shows such measured current density-voltage charac- 
teristics of the unit cell. 

<EXAMPLE l-6> 

[0100] A gas diffusion layer according to the present 
EXAMPLE I-6 was made in the same manner as in EX- 
AMPLE 1-1 , except that here the carbon cloth was not 
subjected to the water repellent treatment. By using this 
gas diffusion layer according to the present EXAMPLE, 
a unit cell for characteristics measurements was made, 
and was subjected to a discharge test in the same man- 
ner as in EXAMPLE 1-1. It was found thereby that the 
unit cell according to the present EXAMPLE showed 
high discharge voltages at low current densities, al- 
though it showed relatively low discharge voltages at 
high current densities. One curve designated by EXAM- 
PLE I-6 in FIG. 9 shows such measured current density- 
voltage characteristics of the unit cell. 
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<EXAMPLE l-7> 

[0101] A gas diffusion layer according to the present 
EXAMPLE I-7 was made in the same manner as in EX- 
AMPLE 1-1 , except that here the electrically conductive 
polymer-containing layer made of a carbon powder and 
a fluorocarbon resin was not formed on the gas diffusion 
layer, and that the carbon cloth was not subjected to the 
water repellent treatment. By using the thus made gas 
diffusion layer according to the present EXAMPLE, a 
unit cell for characteristics measurements was made, 
and was subjected to a discharge test in the same man- 
ner as in EXAMPLE 1-1 . It was found thereby that the 
unit cell according to the present EXAMPLE showed 
sufficiently high discharge voltages at low current den- 
sities, although it showed relatively low discharge volt- 
ages at high current densities. One curve designated by 
EXAMPLE I-7 in FIG. 9 shows such measured current 
density-voltage characteristics of the unit cell. 

<EXAMPLE l-8> 

[0102] As shown in FIG. 10, a multi-layered porous 
supporting carbon body made of a carbon cloth 1 01 and 
a carbon paper 102 was made as follows. 
[0103] A cloth was made by plain weave, using 
threads having a diameter of about 300 \im and having 
been made by stranding up PAN fibers having a diam- 
eter of about 1 0 urn. The thus made cloth was then heat- 
ed at 2,000° C in a nitrogen atmosphere for 24 hours to 
get graphitized to be a carbon cloth 101. On the thus 
made carbon cloth 1 01 , a carbon paper 1 02 (product of 
Toray Industries, Inc.: TGP-H-060) having a thickness 
of 180 ujti was stacked, thereby to make a porous sup- 
porting carbon body, wherein the carbon paper 102 is 
to face the catalyst layer, with the pores thereof being 
smaller in size and larger in number than the pores of 
the carbon cloth 101. 

[0104] FIG. 10 is an oblique view, partially in cross- 
section, of such multi-layer carbon body made of the 
carbon cloth 101 and the carbon paper 102, seen from 
the carbon paper side, schematically showing its struc- 
ture. As in EXAMPLE 1-1 , an electrically conductive pol- 
ymer-containing layer made of a carbon powder and a 
fluorocarbon resin was formed on the carbon paper of 
the carbon body, thereby to make a gas diffusion layer. 
[01 05] By using this gas diffusion layer, a unit cell for 
characteristics measurements was made, and was sub- 
jected to a discharge test in the same manner as in EX- 
AMPLE 1-1 . It was found thereby that the unit cell ac- 
cording to the present EXAMPLE showed good dis- 
charge voltages, irrespectively of the current densities. 
One curve designated by EXAMPLE I-8 in FIG. 9 shows 
such measured current density-voltage characteristics 
of the unit cell. 

[0106] Besides, in manners similar to those described 
in the above EXAMPLES, various combinations of the 
first layers and the second layers for the porous sup- 



porting carbon bodies were studied with respect to (i) 
combination of a carbon cloth having a finer mesh for a 
first layer at a catalyst layer side, and a further carbon 
cloth having a coarser mesh for a second layer at a sep- 

5 arator plate side, and (ii) combination of a carbon unwo- 
ven fabric of e.g. carbon paper having a large number 
of small pores for a first layer at a catalyst layer side, 
and a carbon cloth having a coarse mesh for a second 
layer at a separator plate side. Consequently, it was 

10 found that preferable current density-voltage character- 
istics of resultant fuel cells were obtained under certain 
conditions for the combinations (i) and (ii) as described 
below. 

[0107] In the case of the combination (i), preferable 

15 results were obtained when the carbon cloth for the first 
layer had 40 to 70 threads per unit cross-section of the 
carbon cloth of 1 inch length as defined above, and 
when the carbon cloth for the second layer had 12 to 60 
threads per the unit cross-section of the carbon cloth of 

20 1 inch length, under the condition that the number of 
threads of the carbon cloth for the first layer was not less 
than 1 .2 times that for the second layer. In the case of 
the combination (ii), preferable results were obtained 
when the carbon unwoven fabric for the first layer had 

25 an apparent density of 0.06 to 0.49 g/cm3 (namely, all 
the commercially available unwoven fabrics described 
above as examples could be used), and when the car- 
bon cloth for the second layer had 12 to 60 threads per 
the unit cross-section of the carbon cloth of 1 inch 

30 length. 

[0108] Furthermore, it was confirmed that although 
dual-layered porous supporting carbon bodies were ex- 
emplified in the above EXAMPLES, other multi-layered 
bodies, such as triple-layered body, could also be used 
35 as long as the porosity distributions varied from a larger 
number of smaller pores at the catalyst layer side to a 
smaller number of larger pores at the separator plate 
side. 

40 COMPARATIVE EXAMPLE> 

[0109] A single-layer carbon cloth 80 as schematically 
shown in FIG. 8 was made as follows. A cloth was made 
by plain weave, using threads having a diameter of 
45 about 300 nm and having been made by stranding up 
PAN fibers having a diameter of about 1 0 um The thus 
made cloth was then heated at 2,000°C in a nitrogen 
atmosphere for 24 hours to get graphitized to be a car- 
bon cloth 80. FIG. 8 is an oblique view, partially in cross- 
so section, of such carbon cloth 80, schematically showing 
its structure. 

[0110] The thus made carbon cloth 80 was subjected 
to water repellent treatment, and then a layer made of 
a carbon powder and a fluorocarbon resin was formed 
55 on the carbon cloth in a manner similar to that described 
in EXAMPLE 1-1 , thereby to obtain a gas diffusion layer. 
[0111] By using the thus made gas diffusion layer, a 
unit cell for characteristics measurements was made, 
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and was subjected to a discharge test in the same man- 
ner as in EXAMPLE 1-1 . It was found thereby that the 
unit cell according to the present COMPARATIVE EX- 
AMPLE showed an undesired decrease of discharge 
voltage as the current density increased. One curve s 
designated by COMPARATIVE EXAMPLE in FIG. 4 
shows such measured current density-voltage charac- 
teristics of the unit cell. 

Mode [I I): Uniform water retention at gas diffusion layer w 
from inlet to outlet of gas flow channel 

<ll-1. First manner> 

[0112] FIG. 11 is an oblique view, partially in cross- is 
section, of a gas diffusion layer and a gas diffusion elec- 
trode 2a using the gas diffusion layer according to a first 
manner (First manner [11-1] hereafter) of Mode [II] of the 
present invention, seen from the gas diffusion layer side, 
schematically showing its structure. 20 
[0113] As shown therein, a gas diffusion layer 213a 
comprises a porous supporting body 21a, preferably of 
carbon made of carbon fibers, and an electrically con- 
ductive polymer-containing layer 22a which is provided 
on a surface of the porous supporting body 21a and 25 
which comprises a polymer material 212a and electri- 
cally conductive carbon powders or particles 210a, 
21 1 a. A part of the electrically conductive polymer-con- 
taining layer 22a is buried in the porous supporting body 
21a, although not shown in FIG. 11 . On the surface of 30 
the electrically conductive polymer-containing layer 22a 
of the electrically conductive gas diffusion layer 213a, a 
catalyst layer 23a comprising an electrically conductive 
carbon powder or particles carrying platinum on the sur- 
face thereof is provided, thereby to form a gas diffusion 35 
electrode 24a. 

[0114] The electrically conductive polymer-containing 
layer 22a has a mixture of at least two electrically con- 
ductive carbon powders orparticles 210a, 211a respec- 
tively having different amounts of acidic function group 40 
from each other. Here, it is assumed that the second 
carbon particles 211a have a larger amount of acidic 
function group than that of the first carbon particles 
210a. A main feature of the First manner [11-1] of Mode 
[II] here is that the weight ratio of the second carbon 45 
particles, relative to the first carbon particles, increases 
from one end R2 of the gas diffusion layer, correspond- 
ing to an inlet of the gas flow channel, to the other end 
L2 of the gas diffusion layer corresponding to an outlet 
of the gas flow channel, so that the total amount of the so 
acidic function group increases from the one end R2 to 
the other end L2. 

[0115] Here, specific examples of acidic function 
group are carbonyl group, hydroxyl group, quinone 
group, lactone group and the like. The amount of acidic ss 
function group is defined as number of molecules of 
such acidic function group per unit weight of carbon. 
[0116] For reference, FIG. 12 is a an oblique view, 



partially in cross-section, of a conventional gas diffusion 
layer and a conventional gas diffusion electrode 2b us- 
ing the conventional gas diffusion layer, schematically 
showing its structure. The basic structure of the gas dif- 
fusion electrode 2b is the same as that of the gas diffu- 
sion electrode 2a, but they are different from each other 
in that the electrically conductive polymer-containing 
layer, as a part of a gas diffusion layer 213, on the sur- 
face of the gas diffusion layer 213b has one electrically 
conductive carbon powder or particles 210b having a 
certain amount of acidic function group. Accordingly, the 
electrically conductive polymer-containing layer of the 
conventional structure has a substantially uniform dis- 
tribution of the amount of acidic function group. It is to 
be noted that in FIG. 12, reference numerals of like el- 
ements in FIG. 11 are omitted, with corresponding de- 
scription being also omitted for simplifying the descrip- 
tion. 

[0117] FIG. 15 is a cross-sectional view of a polymer 
electrolyte fuel cell made by using the gas diffusion elec- 
trode according to the First manner [11-1], schematically 
showing its structure. Referring to FIG. 15, a polymer 
electrolyte membrane 25 has the gas diffusion elec- 
trodes 2a and 2b on opposite main surfaces thereof, re- 
spectively, in a manner that the respective catalyst lay- 
ers of the gas diffusion electrodes intimately contact the 
electrolyte membrane, thereby to form an MEA. 
[0118] Further, a pair of separator plates 27 having 
gas flow channels 26 are provided to sandwich the MEA 
therebetween in a manner that the respective gas flow 
channels 26 face the respective surfaces of the MEA, 
thereby to supply air, as an oxidant gas, to the gas dif- 
fusion electrode 2a therethrough, and to supply hydro- 
gen, as a fuel, to the gas diffusion electrodes 2b there- 
through. The end R2 shown in FIG, 11 is positioned at 
an inlet side of the oxidant gas 28, while the end L2 
shown in FIG. 11 is positioned at an outlet side of the 
oxidant gas 28. 

[01 1 9] Owing to the structure as described above, the 
whole region of the MEA from the end R2 to the end L2 
can be controlled to have a uniform water distribution. 
More specifically, in a gas diffusion layer of the oxidant 
gas side or oxidant gas diffusion electrode side, in which 
uniform water control is considered to be difficult be- 
cause of the water generated by cell reaction, it be- 
comes possible to skillfully perform uniform water con- 
trol by introducing graduation of the amount of acidic 
function group. 

[01 20] At the outlet side of the oxidant gas in compar- 
ison with the inlet side of the oxidant gas, the gas diffu- 
sion layer has a larger amount of the acidic function 
group of the electrically conductive carbon particles, so 
that the electrically conductive carbon particles can get 
wetter. Accordingly, it becomes possible that water at 
the outlet side of the oxidant gas is more readily brought 
to or to the vicinity of the gas flow channel of the sepa- 
rator plate along the surface of the gas diffusion layer, 
and can be more readily exhausted thereby to outside 
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the cell together with the oxidant gas. 
[0121] At the inlet side of the oxidant gas in compar- 
ison with the outlet side of the oxidant gas, on the other 
hand, the electrically conductive particles can be less 
wet because of the smaller amount of acidic function 
group thereof. Accordingly, water there is less readily 
brought toward the gas flow channel of the separator 
plate, whereby water is more likely to be retained inside 
the cell. 

[0122] Here, an example of a combination of electri- 
cally conductive carbon particles having different 
amounts of acidic function group is a combination of an 
acetylene black per se and an acetylene black having 
been oxidized in e.g. air to have a larger amount of acidic 
function group than that of the original acetylene black. 
Other examples of such combinations of (a) carbon par- 
ticles having a smaller amount of acidic function group 
with (b) carbon particles having a larger amount of acidic 
function group are: (a) acetylene black with (b) furnace 
black; (a) graphitized black with (b) furnace black, and 
the like. 

<ll-2. Second manner> 

[0123] FIG. 13 is an oblique view, partially in cross- 
section , of a gas diffusion layer and a gas diffusion elec- 
trode 3a using the gas diffusion layer according to a sec- 
ond manner (Second manner [II-2] hereafter) of Mode 
[II] of the present invention, seen from the gas diffusion 
layer side, schematically showing its structure. 
[0124] As shown therein, a gas diffusion layer 313 
comprises a porous supporting body 31 , preferably of 
carbon made of carbon fibers, and an electrically con- 
ductive polymer-containing layer 32 being provided on 
a surface of the porous supporting body 31 and com- 
prising an electrically conductive carbon powder or par- 
ticles 310 and at least two polymer materials 311 and 
312. A part of the electrically conductive polymer-con- 
taining layer 32 is buried in the porous supporting body 
31 , although not shown In FIG. 13. On the surface of the 
electrically conductive polymer-containing layer 32 of 
the gas diffusion layer 31 3, a catalyst layer 33 compris- 
ing an electrically conductive carbon powder or particles 
carrying platinum on the surface thereof is provided, 
thereby to form a gas diffusion electrode 34. 
[01 25] The electrically conductive polymer-containing 
layer 32 has a mixture of at least two polymer materials 
311 and 312 respectively having different degrees of 
crystallinity from each other. Here, it is assumed that the 
first polymer material 311 has a higher degree of crys- 
tallinity than that of the second polymer material 312. A 
main feature of the Second manner [I I-2J here is that the 
weight ratio of the second polymer material, relative to 
the first polymer material, increases from one end R3 of 
the gas diffusion layer, corresponding to an inlet of the 
gas flow channel, to the other end L3 of the gas diffusion 
layer, corresponding to an outlet of the gas flow channel, 
so that the total degree of crystallinity decreases from 



the one end R3 to the other end L3. 
[0126] A structure of a polymer electrolyte fuel cell 
made by using the gas diffusion electrode according to 
the present Second manner [11-2] here can be illustrated 

5 by the same FIG. 15 as used for describing the First 
manner [ll ; 1] above. Accordingly, description of its fur- 
ther details is omitted here, but it is added that the end 
R3 shown in FIG. 13 is positioned at an inlet side of the 
oxidant gas, while the end L3 shown in FIG. 13 is posi- 

10 tioned at an outlet side of the oxidant gas. 

[01 27] Owing to the structure as described above, the 
whole region of the MEA from the end R3 to the end L3 
can be controlled to have a uniform water distribution. 
This can more specifically be described as follows. At 

15 the outlet side of the oxidant gas in comparison with the 
inlet side of the oxidant gas, the electrically conductive 
polymer-containing layer or gas diffusion layer has a 
larger amount of the polymer material having the lower 
degree of crystallinity, namely larger amount of amor- 

20 phous portions. Since osmosis or permeation of water 
in the gas diffusion layer is caused by water absorption 
and water diffusion therein with the aid of amorphous 
portions of the polymer material in the gas diffusion lay- 
er, the amount of permeability, i.e. the amount of water 

25 permeated through the gas diffusion layer, gets larger 
at portions thereof having a larger amount of amorphous 
portions of polymer material, that is the outlet side of the 
oxidant gas. 

[01 28] Accordingly, it becomes possible that water at 
30 the outlet side of the oxidant gas is more readily brought 
to or to the vicinity of the gas flow channel of the sepa- 
rator plate along the surface of the gas diffusion layer, 
and can be more readily exhausted thereby to outside 
the ceil together with the oxidant gas. 
35 [0129] At the inlet side of the oxidant gas in compar- 
ison with the outlet side of the oxidant gas, on the other 
hand, the amount of polymer material having the lower 
degree of crystallinity is smaller, so that the amount of 
permeability, i.e. the amount of permeated water there, 
40 gets smaller, whereby water is more likely to be retained 
inside the cell. 

[01 30] Examples of polymer materials usable here for 
the present Second manner [II-2] are polyvinyl fluoride, 
polyethylene, polypropylene, polystyrene, polyethylene 

45 terephthalate, polyvinyl chloride, polyacrylonitrile, ethyl 
cellulose, and the like. From among these polymer ma- 
terials, at least two polymer materials, either with differ- 
ent names or same names, having different degrees of 
crystallinity can be readily selected for the purpose of 

50 the present Second manner [II-2]. 

<ll-3. Third manner> 

[0131] FIG. 14 is an oblique view, partially in cross- 
55 section , of a gas diffusion layer and a gas diffusion elec- 
trode 4a using the gas diffusion layer according to a third 
manner (Third manner [II-3] hereafter) of Mode [II] of the 
present invention, seen from the gas diffusion layer side, 
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schematically showing its structure. 
[0132] As shown therein, a gas diffusion layer 413 
comprises a porous supporting body 41 , preferably of 
carbon made of carbon fibers, and an electrically con- 
ductive polymer-containing layer 42 being provided on 
- a surface of-the porous supporting body 41 and com- 
prising an electrically conductive carbon powder or par- 
ticles 410 and at least two polymer materials 411 and 
412. A part of the electrically conductive polymer-con- 
taining layer 42 is buried in the porous supporting body 
41, although not shown in FIG. 14. On the surface of the 
electrically conductive polymer-containing layer 42 of 
the gas diffusion layer 413, a catalyst layer 43 compris- 
ing an electrically conductive carbon powder or particles 
carrying platinum on the surface thereof is provided, 
thereby to form a gas diffusion electrode 44. 
[01 33] The electrically conductive polymer-containing 
layer 42 has a mixture of at least two polymer materials 
41 1 and 41 2 respectively having different coefficients of 
moisture permeability from each other. Here, it is as- 
sumed that the first polymer material 411 has a lower 
coefficient of moisture permeability than that of the sec- 
ond polymer material 412. A main feature of the Third 
manner [II-3] here is that the weight ratio of the second 
polymer material increases, relative to the first polymer 
material, from one end R4 of the gas diffusion layer, cor- 
responding to an inlet of the gas flow channel, to the 
other end L4 of the gas diffusion layer corresponding to 
an outlet of the gas flow channel, so that the total coef- 
ficient of moisture permeability increases from the one 
end R4 to the other end L4. 

[0134] A structure of a polymer electrolyte fuel cell 
made by using the gas diffusion electrode according to 
the present Third manner [II-3] here can be illustrated 
by the same FIG. 15 as used for describing the First 
manner [11-1] above. Accordingly, description of its fur- 
ther details is omitted here, but it is added that the end 
R4 shown in FIG. 14 is positioned at an inlet side of the 
oxidant gas, while the end L4 shown in FIG. 14 is posi- 
tioned at an outlet side of the oxidant gas. 
[0135] Owing to the structure as described above, the 
whole region of the ME A from the end R4 to the end L4 
can be controlled to have a uniform water distribution. 
More specifically, in a gas diffusion layer of the oxidant 
gas side or oxidant gas diffusion electrode side, in which 
uniform water control is considered to be difficult be- 
cause of the water generated by cell reaction, it be- 
comes possible to skillfully perform uniform water con- 
trol by introducing graduation of the coefficient of mois- 
ture permeability. 

[01 36] At the outlet side of the oxidant gas in compar- 
ison with the inlet side of the oxidant gas, the gas diffu- 
sion layer has a larger amount of the polymer material 
having a higher coefficient of moisture permeability, so 
that the amount of permeability there can get larger at 
the outlet side. Accordingly, it becomes possible that 
water at the outlet side of the oxidant gas is more readily 
brought to or to the vicinity of the gas flow channel of 



the separator plate along the surface of the gas diffusion 
layer, and can be more readily exhausted thereby to out- 
side the cell together with the oxidant gas. 
[0137] At the inlet side of the oxidant gas in compar- 

s ison with the outlet side of the oxidant gas, on the other 
hand, the amount of permeability.there gets smaller, be- 
cause the electrically conductive polymer-containing 
layer of the gas diffusion layer has a smaller amount of 
the polymer material having a higher coefficient of mois- 

10 ture permeability. Accordingly, water there is less readily 
brought toward the gas flow channel of the separator 
plate, whereby water is more likely to be retained there 
inside the cell. 

[0138] Examples of combinations of (a) polymer ma- 
's terial having a lower coefficient of moisture permeability 
with (b) polymer material having a higher coefficient of 
moisture permeability are: (a) PTFE with (b) polyimide; 

(a) PTFE with (b) polyvinyl chloride; (a) PTFE with (b) 
cellulose acetate; (a) polyethylene with (b) polyimide; 

20 (a) polyethylene with (b) polyvinyl chloride; (a) polyeth- 
ylene with (b) cellulose acetate; (a) polypropylene with 

(b) polyimide; (a) polypropylene with (b) polyvinyl chlo- 
ride; (a) polypropylene with (b) cellulose acetate, and 
the like. 

25 [0139] Regarding kinds of materials for the porous 
supporting carbon bodies in the Mode [II] of the present 
invention, typically carbon papers can be used therefor, 
and are used in the following EXAMPLES. However, 
other carbon unwoven fabrics and carbon cloths can al- 
so so be used to achieve the objects of the present inven- 
tion. 

[0140] According to the First, Second and Third man- 
ners [11-1], [II-2J and [II-3] of Mode [II] of the present in- 
vention, the whole region of an MEA from one end to 

35 the other end can be controlled to have a uniform water 
distribution, whereby a polymer electrolyte fuel cell gen- 
erating a stable voltage for a long period can be realized. 
This is because, due to the operational principles as de- 
scribed above, the water exhaustion at the outlet side 

40 of the oxidant gas diffusion electrode or cathode elec- 
trode is promoted, and the water permeation at the inlet 
side thereof is suppressed, whereby the polymer elec- 
trolyte membrane in the MEA can be prevented from 
both overly drying and flooding, so that the cell voltages 

45 can be prevented from overly decreasing. 

[0141] Hereinafter, the Mode [II] of the present inven- 
tion will more specifically be described in the following 
EXAMPLES [II]. 

50 EXAMPLES [II] 

<EXAMPLE ll-1-1> 

A. Production of gas diffusion electrode 

55 

[0142] Acetylene black (AB hereafter) having an av- 
erage particle size of 3 urn was heated in air at 400°C 
for 10 hours in order to subject AB to air oxidation (the 
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thus air-oxidized AB being hereafter referred to as 
ABOl). Amounts of acidic function group in AB and 
AB01 , respectively, were measured by use of chemical 
composition analysis based on volatile constituents. 
This volatile constituent-based chemical composition 
analysis is a method, which utilizes the phenomena that 
when a carbon material having acidic function group on 
the surface thereof is heated in vacuum at about 
1 ,000° C, then the acidic function group is desorbed from 
the carbon material in the form of carbon dioxide, carbon 
monoxide, hydrogen and methane, and which subjects 
the desorbed gas composition to quantitative analysis, 
thereby to chemically and quantitatively analyze the 
amount of acidic function group being present on the 
surface of the carbon material. (See Carbon Black 
Handbook, Version 3, edited by Carbon Black Associa- 
tion, Japan). 

[0143] The amounts of acidic function group of AB 
and AB01 used in the present EXAMPLE, as measured, 
were 4.1 x 1 0/ 4 mol/g and 9.8 x 1 0" 4 mol/g, respective- 
ly, whereby the air-oxidized carbon powder was found 
to have a larger amount of acidic function group than 
that of the original carbon powder. 
[01 44] Next, 1 0 g of AB was mixed with 2 g of a liquid 
dispersion of PTFE (product of Daikin Industries, Ltd.: 
D-1) containing PTFE as a main ingredient, thereby to 
prepare a liquid dispersion of the fluorocarbon resin so- 
lution having AB dispersed therein (Dispersion e1 here- 
after). Likewise, 10 g of ABOl was mixed with 2 g of the 
liquid dispersion of PTFE (product of Daikin Industries, 
Ltd. : D-1 ) containing PTFE as a main ingredient, thereby 
to prepare a liquid dispersion of the fluorocarbon resin 
solution having ABOl dispersed therein (Dispersion f1 
hereafter). By mixing Dispersion e1 and Dispersion f1 
in ten different mixing ratios in weight, ten different liquid 
dispersions d1 , d2, d10 were prepared, respectively 
having the weight ratios of Dispersion e1 : Dispersion f 1 
of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. 
[0145] Next, a carbon paper (product of Toray Indus- 
tries, Inc.: TGP-H-060) having a length of 30 cm, width 
of 15 cm and thickness of 180 ujn was prepared as a 
porous supporting carbon body, and the liquid disper- 
sions were screen-printed on the carbon paper in a man- 
ner as described in the following with reference to FIG. 
18. Referring to FIG. 18, a mask 53 having an opening 
52 was placed over the carbon paper 51 with supporting 
bars 54 therebetween. On an upper portion of the mask 
53, ten drops of liquid dispersions d1 , d2, d1 0 were 
equidistantly placed from R2 end to L2 end (as corre- 
sponding to the R2 end and the L2 end as shown in FIG. 
11) so as to arrange the amounts of Dispersion f1 in the 
ten drops to increment from R2 end to L2 end, and to 
form ten strips of the liquid dispersion layers respective- 
ly having the same width, by being screen-printed, to 
cover the carbon paper from the R2 end to the L2 end 
by the ten strips. The ten drops were screen-printed on 
the carbon paper in the above described manner, and 
the carbon paper with the screen-printed layer of the ten 



strips, for an electrically conductive polymer-containing 
layer, was fired at 350°C, thereby to obtain a gas diffu- 
sion layer having an electrically conductive polymer- 
containing layerformed on the carbon paperthereof (the 
5 thus obtained gas diffusion layer made of the carbon pa- 
per and the electrically conductive polymer-containing 
layer being hereafter referred to as Gas diffusion layer 

gi). 

[0146] The R2 portion of the thus obtained Gas diffu- 
10 sion layer g1 corresponding to the first half, i.e. 15 cm, 
portion of the carbon paper at one end thereof, and the 
L2 portion of Gas diffusion g1 corresponding to the sec- 
ond half, i.e. remaining 15 cm, portion of the carbon pa- 
per at the other end thereof were measured with respect 
is to its water permeability in terms of amount of permea- 
bility on the basis of the weighting method according to 
the example defined by Japanese Industrial Standards 
(JIS) Z0208. 

[0147] According to the weighting method of 
20 JIS20208, a first atmosphere of air having a humidity of 
90% and a second atmosphere of dry air are partitioned 
by a test sheet to be measured, and the weight of mois- 
ture permeated from the first atmosphere to the second 
atmosphere per 1 m 2 of the test sheet during 24 hours 
25 of the test is measured. The thus measured weight of 
moisture, i.e. total weight of water during the 24 hour 
period per 1 m 2 , is the amount of permeability according 
to JISZ0209. According to the present EXAMPLES, a 
90% humidity air and dry air both kept at 40°C were par- 
se titioned by each diffusion layer, to be measured, having 
a surface area of 15 cm 2 , and the permeated water in 
total during 24 hour period was measured. Each meas- 
ured amount of permeability for each diffusion layer, to 
be measured, was converted by calculation in terms of 
35 1 m 2 

[01 48] The amounts of permeability in the case of Gas 
diffusion layer g1 , as measured, according to the above 
definition were 0.8 x 1 0 4 g/m 2 • 24 hr and 1 .8 x 1 0 4 g/ 
m 2 • 24 hr, respectively, with respect the R2 portion and 
40 the L2 portion. The amount of permeability at the R2 por- 
tion was thus found to be smaller than that at the L2 
portion. 

[0149] Meanwhile, a carbon powder having particle 
sizes of not more than 3 um was immersed in an aque- 

45 ous solution of chloroplatinic acid, and then the chloro- 
platlnic acid was subjected to reduction process so as 
to allow the carbon particles to carry platinum catalyst 
on the surfaces thereof, with the weight ratio of the car- 
bon powder to the platinum being 1 :1 . The thus pre- 

so pared carbon powder was dispersed in an alcohol solu- 
tion of a polymer electrolyte, thereby to make a slurry. 
The thus made slurry was uniformly coated, as a cata- 
lyst layer, on one surface of the electrically conductive 
polymer-containing layer of Gas diffusion layer g1, 

55 thereby to make a gas diffusion electrode (the thus 
made gas diffusion electrode being hereafter referred to 
as Gas diffusion electrode hi ). 
[01 50] On the other hand, a further gas diffusion layer 
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was made in the same manner as described above for 
making Gas diffusion layer g1 , except that here the liq- 
uid dispersion to be coated on the surface of the carbon 
paper was Dispersion e1 alone without using Dispersion 
f 1 (the thus made gas diffusion layer being hereafter re- s 
ferred to as Gas diffusion layer i). The amount of per- 
meability in the case of Gas diffusion layer i was uni- 
formly 0.8 x 1 0 4 g/m 2 • 24 hr from R2 end to L2 end (as 
corresponding to the R2 end and the L2 end as shown 
in FIG. 12). Thereafter, a catalyst layer was formed on 10 
one surface of the electrically conductive polymer-con- 
taining layer on Gas diffusion layer i in the same manner 
as that used for making Gas diffusion electrode hi 
above, thereby to make a further gas diffusion electrode 
(the thus made gas diffusion electrode being hereafter is 
referred to as Gas diffusion electrode j). 

B. Production of polymer electrolyte fuel cell 

[0151] Gas diffusion electrode hi and Gas diffusion 20 
electrode j having the same size as that of Gas diffusion 
electrode hi were prepared. Further, a polymer electro- 
lyte membrane (product of DuPont Company: Nafion 
1 1 7) having an outer dimension one size larger than that 
of Gas diffusion electrodes j and hi was prepared. The 25 
thus prepared polymer electrolyte membrane was sand- 
wiched by Gas diffusion layers j and hi in a manner that 
the respective catalyst layers faced the electrolyte mem- 
brane, and was provided with a silicone rubber gasket 
having a thickness of 250 u.m positioned for gas sealing, 30 
and was then hot-pressed at 130°Cfor5 minutes, there- 
by to make an MEA. 

[01 52] The thus made M EA was sandwiched by a pair 
of separator plates to form a unit cell. By using additional 
ME As and separator plates and alternately stacking 35 
them on the above made unit cell, a polymer electrolyte 
fuel cell according to the present EXAMPLE having a 
cell stack of four unit cells was made. Each of the sep- 
arator plates, as used, had a thickness of 4 mm and was 
made of an airtight carbon material. Each of such sep- 40 
arator plates had, on each surface thereof to contact the 
each gas diffusion layer, a gas flow channel having a 
width of 2 mm and a depth of 1 mm, which was formed 
by cutting the separator plate. The cell stack was pro- 
vided with a metal end plate made of SUS 304 on each 45 
of the both ends thereof, and was fixed to be a polymer 
electrolyte fuel ceil. 

[0153] In making the fuel cell above, the R2 portion 
and the L2 portion were positioned to correspond to the 
inlet side and outlet side of the gas flow channel of each so 
separator plate. Each gas flow channel, facing Gas dif- 
fusion electrode hi, of each separator plate was sup- 
plied with air to flow from the inlet to the outlet thereof 
at an oxygen utilization rate of 40%. Also, each gas flow 
channel, facing Gas diffusion electrode j, of each sepa- ss 
rator plate was supplied with hydrogen to flow from the 
inlet to the outlet thereof at a hydrogen utilization rate 
of 70%. Under such conditions, the polymer electrolyte 



fuel cell according to the present EXAMPLE was oper- 
ated with a hydrogen humidifying bubbler, an air humid- 
ifying bubbler and the cell being maintained at temper- 
atures of 85° C, 65°C and 75° C, respectively- Conse- 
quently, the polymer electrolyte fuel cell according to the 
presentEXAMPLE generated a voltage of 2.8 V, and 
maintained the initial voltage for 3,000 hours or more 
after the start of the cell operation, showing stable op- 
eration. The reason therefor is that the electrolyte mem- 
brane in the polymer electrolyte fuel cell according to 
the present EXAMPLE was kept at an appropriate wet 
condition, while excessive water generated therein was 
quickly and safely exhausted to outside of the cell. 

< EXAMPLE 11-1 -2> 

[0154] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
ferred to as Gas diffusion layer g2) was made in the 
same manner as that employed for making Gas diffusion 
layer g1 according to EXAMPLE 11-1-1 above, except 
that according to the present EXAMPLE, the oxidized 
acetylene black as prepared in EXAMPLE 11-1-1 was dif- 
ferently prepared as follows. 

[0155] According to EXAMPLE 11-1 -1 , the heating pe- 
riod for heating the acetylene black AB having an aver- 
age particle size of 3 urn at 400°C in air to prepare ABOI 
was 1 0 hours, whereas according to the present EXAM- 
PLE, the heating period was changed and shortened to 
5 hours, thereby to prepare an air-oxidized AB (the thus 
prepared air-oxidized AB being hereafter referred to as 
AB02). The amount of acidic function group of the thus 
prepared AB02 was measured by using the volatile con- 
stituent-based chemical composition analysis as de- 
scribed above in EXAMPLE 11-1-1 , and was found to be 
7.2 X lO^mol/g. 

[0156] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-1-1 , a liquid dispersion of 2 g of 
the fluorocarbon resin solution having 10 g of the AB02 
dispersed therein (such liquid dispersion being hereaf- 
ter referred to as Dispersion f2) was prepared. Further, 
by mixing Dispersion e1 and Dispersion f2 in ten differ- 
ent mixing ratios in weight, ten different liquid disper- 
sions were prepared, respectively having the weight ra- 
tios of Dispersion e1 : Dispersion f2 of 9:1, 8:2, 7:3, 6: 
4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. Subsequently, a 
screen-printing process and a firing process at 350°C 
were carried out in the same manner as in EXAMPLE 
11-1-1 , thereby to make Gas diffusion layer g2. 
[01 57] The amounts of permeability in the case of Gas 
diffusion layer g2 were measured according to the 
weighting method of JISZ0208 as described above with 
respect to the R2 portion (first half portion) and the L2 
portion (second half portion) thereof, which were found 
thereby to be 0.8 x 10 4 g/m 2 - 24 hr and 1 .8 x 10 4 g/ 
m 2 ■ 24 hr, respectively. In the words, the amount of per- 
meability at the R2 portion according to the present EX- 
AMPLE was the same as that in the case of EXAMPLE 
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11-1-1, and the relative relation with respect to the 
amount of permeability between the R2 portion and the 
L2 portion according to the present EXAMPLE was the 
same as that in EXAMPLE 11-1-1 in that the amount of 
permeability at the L2 portion was larger than that at the 5 
R2 portion. However, the amount of permeability at the 
L2 portion according to the present EXAMPLE was 
smaller than that in the case of EXAMPLE 11-1-1. This 
is because although the amount of acidic function group 
at the L2 portion was larger than that at the R2 portion 10 
according to the present EXAMPLE, such amount of 
acidic function group at L2 portion according to the 
present EXAMPLE was smaller than that according to 
EXAMPLE 11-1-1. 

[01 58] By using the thus made Gas diffusion layer g2, is 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode h2 hereafter) was 
made in the same manner as that employed for making 
Gas diffusion electrode hi in EXAMPLE 11-1-1. A poly- 
mer electrolyte fuel cell according to the present EXAM- 20 
PLE was made by using Gas diffusion electrode h2 and 
Gas diffusion electrode j in the same manner as em- 
ployed for making the polymer electrolyte fuel cell ac- 
cording to EXAMPLE 11-1-1. 

[0159] The characteristics of the polymer electrolyte 25 
fuel cell according to the present EXAMPLE were meas- 
ured under the same conditions as used in EXAMPLE 
11-1-1. More specifically, the fuel cell according to the 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-1 -1 underthe so 
same arrangements that the R2 portion and the L2 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode h2 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 35 
[01 60] Consequently, the polymer electrolyte fuel cell 
according to the present EXAMPLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 40 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kepi at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 45 

<EXAMPLE 11-1 -3> 

[01 61 ] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- so 
ferred to as Gas diffusion layer g3) was made in the 
same manner as that employed for making Gas diffusion 
layer g1 according to EXAMPLE 11-1-1 above, except 
that according to the present EXAMPLE, the oxidized 
acetylene black as prepared in EXAMPLE 11-1 -1 was dif- 55 
ferently prepared as follows. 

[0162] According to EXAMPLE 11-1-1, the heating 
temperature and the heating period for heating the acet- 



ylene black AB having an average particle size of 3 |xm 
in air to prepare ABOl were 400°C and 10 hours, re- 
spectively, whereas according to the present EXAM- 
PLE, the heating temperature was changed to 200°C 
and heating period was changed and shortened to 5 
hours, thereby to prepare an air-oxidized AB (the thus 
prepared air-oxidized AB being hereafter referred to as 
AB03). The amount of acidic function group of the thus 
prepared AB03 was measured by using the volatile con- 
stituent-based chemicai composition analysis as de- 
scribed above in EXAMPLE 11-1 -1 , and was found to be 
6.3 x 10" 4 mol/g. 

[0163] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-1-1 and EXAMPLE 11-1-2 (a de- 
tailed description of the manner being thus omitted here 
for the purpose of a simpler description), a liquid disper- 
sion according to the present EXAMPLE (such liquid 
dispersion being hereafter referred to as Dispersion f3) 
was prepared in place of Dispersion f1 orf2. Further, in 
a manner similar to that described in EXAMPLE 11-1-1 
and EXAMPLE 11-1-2, by mixing Dispersion e1 and Dis- 
persion f3 in ten different mixing ratios in weight, ten dif- 
ferent liquid dispersions were prepared, and then the 
screen -printing foltowed by firing was carried out, Gas 
diffusion layer g3 according to the present EXAMPLE 
was made in place of Gas diffusion layer g1 or g2. 
[01 64] The amounts of permeability in the case of Gas 
diffusion layer g3 were measured according to the 
weighting method of JISZ0208 as described above with 
respect to the R2 portion (first half portion) and the L2 
portion (second half portion) thereof, which were found 
thereby to be 0.8 x 10 4 g/m 2 - 24 hr and 1 .8 x 10 4 gf 
m 2 • 24 hr, respectively. In the words, the amount of per- 
meability at the R2 portion according to the present EX- 
AMPLE was the same as that in the case of EXAMPLE 
11-1-1 and EXAMPLE 11-1-2, and the relative relation with 
respect to the amount of permeability between the R2 
portion and the L2 portion according to the present EX- 
AMPLE was the same as that in EXAMPLE 11-1-1 and 
EXAMPLE 11-1-2 in that the amount of permeability at 
the L2 portion was larger than that at the R2 portion. 
However, the amount of permeability at the L2 portion 
according to the present EXAMPLE was even smaller 
than that in the case of EXAMPLE 11-1 -2. This is because 
although the amount of acidic function group at the L2 
portion was larger than that at the R2 portion according 
to the present EXAMPLE, such amount of acidic func- 
tion group at the L2 portion according to the present EX- 
AMPLE was even smaller than that according to EXAM- 
PLE 11-1-2. 

[0165] By using the thus made Gas diffusion layer g3, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode h3 hereafter) was 
made in the same manner as that employed for making 
Gas diffusion electrode hi in EXAMPLE 11-1-1. A poly- 
mer electrolyte fuel cell according to the present EXAM- 
PLE was made by using Gas diffusion electrode h3 and 
Gas diffusion electrode j in the same manner as em- 
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ployed for making the polymer electrolyte fuel cell ac- 
cording to EXAMPLE 11-1-1. 

[0166] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
ured under the same conditions as used in EXAMPLE 
11-1-1. More specifically, the fuel cell according to the 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE lt-1 -1 underthe 
same arrangements that the R2 portion and the L2 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode h3 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[01 67] Consequently, the polymer electrolyte fuel cell 
according to the present EXAM PLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the etec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 

<EXAMPLE 11-1 -4> 

[0168] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
ferred to as Gas diffusion layer g4) was made in the 
same manner as that employed for making Gas diffusion 
layer g1 according to EXAMPLE 11-1-1 above, except 
that according to the present EXAMPLE, the acetylene 
black AB and the oxidized acetylene black ABOl as pre- 
pared in EXAMPLE 11-1-1 were respectively substituted 
by a graphitized black (GB hereafter) having an average 
particle size of 3 u.m and a furnace black {FB hereafter) 
having an average particle size of 3 urn. 
[0169] The amounts of acidic function group of the 
thus prepared GB and FB were measured by using the 
volatile constituent-based chemical composition analy- 
sis as described above in EXAMPLE 11-1-1, and were 
found to be 0.2 x 10* 4 mol/g and 5.7 x 10" 4 mol/g, re- 
spectively. 

[0170] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-1-1, EXAMPLE 11-1-2 and EX- 
AMPLE 11-1 -3 (a detailed description of the manner be- 
ing thus omitted here for the purpose of a simpler de- 
scription), a first liquid dispersion according to the 
present EXAMPLE (such liquid dispersion being here- 
after referred to as Dispersion e2) was prepared in place 
of Dispersion e1 , and a second liquid dispersion accord- 
ing to the present EXAMPLE (such liquid dispersion be- 
ing hereafter referred to as Dispersion f4) was prepared 
in place of Dispersion f1 , f2 or f3, thereby to substitute 
the combination of GB plus FB for each of the combina- 
tions of AB plus ABOl , AB plus AB02, and AB plus 
AB03 according to EXAMPLES 11-1-1 , 11-1-2 and 11-1-3, 
respectively. Further, in a manner similar to that de- 



scribed in EXAMPLE 11-1-1, EXAMPLE 11-1-2 and EX- 
AMPLE 11-1-3, by mixing Dispersion e2 and Dispersion 
f4 in ten different mixing ratios in weight, ten different 
liquid dispersions were prepared, and then the screen- 

s printing followed by firing was carried out, a Gas diffu- 
- sion layer g4 according to the present EXAMPLE was 
made in place of Gas diffusion layer g1 , g2 or g3. 
[01 71 ] The amounts of permeability in the case of Gas 
diffusion layer g4 were measured according to the 

10 weighting method of JISZ0208 as described above with 
respect to the R2 portion (first half portion) and the L2 
portion (second half portion) thereof, which were found 
thereby to be 0.1 x 10 4 g/m 2 • 24 hr and 0.9 x 10 4 g/ 
m 2 • 24 hr, respectively. In the words, the amount of per- 

15 meabiiity at the R2 portion according to the present EX- 
AMPLE was smaller than that in the case of EXAMPLE 
11-1 -1 by almost one order of magnitude, and the amount 
of permeability at the L2 portion according to the present 
EXAMPLE was half of that in the case of EXAMPLE II- 

20 1 -1 , while the relative relation with respect to the amount 
of permeability between the R2 portion and the L2 por- 
tion according to the present EXAMPLE was the same 
as that in EXAMPLE 11-1-1, EXAMPLE N-1-2 and EX- 
AMPLE 11-1-3 in that the amount of permeability at the 

25 |_2 portion was larger than that at the R2 portion. It is to 
be noted that the amount of permeability at the L2 por- 
tion according to the present EXAMPLE was even 
smaller than that any corresponding one in the case of 
the above EXAMPLES, but that the difference in the 

30 amount of permeability between the R2 portion and the 
L2 portion according to the present EXAMPLE was larg- 
er than that in the case of any corresponding one of the 
above EXAMPLES. This is because the amounts of 
acidic function group at the R2 portion and the L2 portion 

35 were respectively smaller than those at the R2 portion 
and the L2 portion according to each of the above EX- 
AMPLES, while the difference in the amount of acidic 
function group between the R2 portion and the L2 por- 
tion according to the present EXAMPLE was larger than 

40 that in the case of any corresponding one of the above 
EXAMPLES. 

[0172] By using the thus made Gas diffusion layer g4, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode h4 hereafter) was 

45 made in the same manner as that employed for making 
Gas diffusion electrode hi in EXAMPLE 11-1-1. A poly- 
mer electrolyte fuel cell according to the present EXAM- 
PLE was made by using Gas diffusion electrode h4 and 
Gas diffusion electrode ] in the same manner as em- 

50 ployed for making the polymer electrolyte fuel cell ac- 
cording to EXAMPLE 11-1-1. 

[0173] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
ured underthe same conditions as used in EXAMPLE 
55 H-1-1. More specifically, the fuel cell according to the 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-1 -1 underthe 
same arrangements that the R2 portion and the L2 por- 
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tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode h4 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[0174] Consequently, the polymer electrolyte fuel cell 5 
according to the present EXAM PLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 10 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 

[01751 It is to be noted that in the above four EXAM- is 
PLES 11-1-1 to 11-1-4, two kinds of materials having dif- 
ferent amounts of acidic function group were used to be 
mixed, and drops often different mixing rations in weight 
were prepared and used. However, it was separately 
confirmed that the number of drops or number of differ- 20 
ent mixing ratios in weight could be other than ten, and 
also that the number of kinds of the materials having 
respectively different amounts of acidic function group 
could be three or more. More specifically, it was con- 
firmed that when plural kinds of materials having differ- 25 
ent amounts of acidic function group were selected from 
among e.g. those having 0.2 x 1 0" 4 mol/g to 9.8 x 10- 4 
mol/g in the case of the exemplified materials, and were 
mixed in plural mixtures so that the amount of acidic 
function group increased, preferably gradually, from the 30 
R2 end portion to the L2 end portion, then operable re- 
sults could be obtained as in the above four EXAMPLES 
11-1-1 to 11-1-4. 

<EXAMPLE 11-2-1 > 35 

A. Production of gas diffusion electrode 

[0176] First of all, 1 0 g of acetylene black AB as used 
in EXAMPLE 11-1-1 was mixed with 2 g of a liquid dis- 40 
pension of PTFE (product of Daikin Industries, Ltd.: Lu- 
bron) containing PTFE as a main ingredient, which PT- 
FE had a molecular weight different from and a degree 
of crystallinity lower than that of the PTFE contained in 
the liquid dispersion of PTFE (product of Daikin Indus- 
tries, Ltd.: D-1) as used in EXAMPLE 11-1-1. Thereby, a 
liquid dispersion of the fluorocarbon resin solution hav- 
ing AB dispersed there was prepared (the thus prepared 
liquid dispersion being hereafter referred to as Disper- 
sion k1). 50 
[0177] By mixing Dispersion e1, as prepared in EX- 
AMPLE 11-1-1, with the thus prepared Dispersion k1 in 
ten different mixing ratios in weight, ten different liquid 
dispersions were prepared, respectively having the 
weight ratios of Dispersion e1 : Dispersion k1 of 9:1 , 8: 55 
2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10, 
[0178J Here, the degree of crystallinity of a material is 
a volume % of crystallized portions to the total volume 



of crystallized portions plus amorphous portions of the 
material, and can be measured by (the) X-ray measur- 
ing method. The degree of PTFE, as measured, in the 
liquid dispersion D-1 of PTFE was 80%, while that in the 
Lubron solution was 40%. 

[0179] Next, a carbon paper (product of Toray Indus- 
tries, Inc.: TGP-H-060) having a length of 30 cm, width 
of 15 cm and thickness of 180 u/n was prepared as a 
porous supporting carbon body, and the liquid disper- 
sions were screen-printed on the carbon paper in a man- 
ner as described in EXAMPLE 11-1-1 with reference to 
FIG. 18, in a manner that ten drops of the above pre- 
pared liquid dispersions of the ten different mixtures, re- 
spectively, of Dispersion e1 and Dispersion k1 were ar- 
ranged so as to arrange the amounts of Dispersion k1 
in the ten drops to increment from one end (R3 end here 
as corresponding to R3 shown in FIG. 13) and the other 
end (L3 end here as also corresponding to L3 shown in 
FIG. 13), thereby to form ten strips of the liquid disper- 
sion layers respectively having the same width, by being 
screen -printed, to cover the carbon paper from the R3 
end to the L3 end by the ten strips. The ten drops were 
screen -printed on the carbon paper in the above de- 
scribed manner, and the carbon paper with the screen- 
printed layer of the ten strips, for an electrically conduc- 
tive polymer-containing layer, was fired at 350°C, there- 
by to obtain a gas diffusion layer having an electrically 
conductive polymer-containing layer formed on the car- 
bon paper thereof (the thus obtained gas diffusion layer 
made of the carbon paper and the electrically conduc- 
tive polymer-containing layer being hereafter referred to 
as Gas diffusion layer ml). 

[01 80] The R3 portion of the thus obtained Gas diffu- 
sion layer ml corresponding to the first half, i.e. 15 cm, 
portion of the carbon paper at one end thereof, and the 
L3 portion of Gas diffusion ml corresponding to the sec- 
ond half, i.e. remaining 15 cm, portion of the carbon pa- 
per at the other end thereof were measured with respect 
to its water permeability in terms of amount of permea- 
bility on the basis of the weighting method according to 
the example defined by JISZ0208, as already described 
in EXAMPLE 11-1-1 above. 

[0181] The amounts of permeability in the case of Gas 
diffusion layer ml , as measured, according to the above 
definition were 0.8x10* g/m 2 • 24 hr and 1 .8 X 10 4 g/ 
m 2 • 24 hr, respectively, with respect the R3 portion and 
the L3 portion. The amount of permeability at the R3 por- 
tion was thus found to be smaller than that at the L3 
portion. 

[0182] Meanwhile, a carbon powder having particle 
sizes of not more than 3 u/n was immersed in an aque- 
ous solution of chloroplatinic acid, and then the chloro- 
platinic acid was subjected to reduction process so as 
to allow the carbon particles to carry platinum catalyst 
on the surfaces thereof, with the weight ratio of the car- 
bon powder to the platinum 'being 1:1. The thus pre- 
pared carbon powder was dispersed in an alcohol solu- 
tion of a polymer electrolyte, thereby to make a slurry. 
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The thus made slurry was uniformly coated, as a cata- 
lyst layer, on one surface of the electrically conductive 
polymer-containing layer on Gas diffusion layer ml, 
thereby to make a gas diffusion electrode (the thus 
made gas diffusion electrode being hereafter referred to 
as Gas diffusion electrode nl). ... 

B. Production of polymer electrolyte fuel cell 

[0183] Gas diffusion electrode n1 and Gas diffusion 
electrode j, as made in EXAMPLE IM-1, having the 
same size as that of Gas diffusion electrode n1 were 
prepared. Further, a polymer electrolyte membrane 
(product of DuPont Company: Nafion 117) having an 
outer dimension one size larger than that of Gas diffu- 
sion electrodes j and n1 was prepared. The thus pre- 
pared polymer electrolyte membrane was sandwiched 
by Gas diffusion layers j and n1 in a manner that the 
respective catalyst layers faced the electrolyte mem- 
brane, and was provided with a silicone rubber gasket 
having a thickness of 250 \im positioned for gas sealing, 
and was then hot-pressed at 130°Cfor 5 minutes, there- 
by to make an MEA. 

[01 84] The thus made M E A was sandwiched by a pair 
of separator plates to form a unit cell. By using additional 
ME As and separator plates and alternately stacking 
them on the above made unit cell, a polymer electrolyte 
fuel cell according to the present EXAMPLE having a 
cell stack of four unit cells was made. Each of the sep- 
arator plates, as used, had a thickness of 4 mm and was 
made of an airtight carbon material. Each of such sep- 
arator plates had, on each surface thereof to contact the 
each gas diffusion layer, a gas flow channel having a 
width of 2 mm and a depth of 1 mm, which was formed 
by cutting the separator plate. The cell stack was pro- 
vided with a metal end plate made of SUS 304 on each 
of the both ends thereof, and was fixed to be a polymer 
electrolyte fuel cell. 

[0185] In making the fuel cell above, the R3 portion 
and the L3 portion were positioned to correspond to the 
inlet and outlet of the gas flow channel of each separator 
plate. Each gas flow channel, facing Gas diffusion elec- 
trode n1 , of each separator plate was supplied with air 
to flow from the inlet to the outlet thereof at an oxygen 
utilization rate of 40%. Also, each gas flow channel, fac- 
ing Gas diffusion electrode j, of each separator plate 
was supplied with hydrogen to flow from the inlet to the 
outlet thereof at a hydrogen utilization rate of 70%. Un- 
der such conditions, the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was operated with a 
hydrogen humidifying bubbler, an air humidifying bub- 
bler and the cell being maintained at temperatures of 
85°C, 65°C and 75°C, respectively. Consequently, the 
polymer electrolyte fuel eel I according to the present EX- 
AMPLE generated a voltage of 2.8 V, and maintained 
the initial voltage for 3,000 hours or more after the start 
of the cell operation, showing stable operation. The rea- 
son therefor is that the electrolyte membrane in the pol- 



ymer electrolyte fuel cell according to the present EX- 
AMPLE was kept at an appropriate wet condition, while 
excessive water generated therein was quickly and 
safely exhausted to outside of the cell. 

5 

<EXAMPLE H-2-2> . . 

[0186] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
10 ferred to as Gas diffusion layer m2) was made in the 
same manner as that employed for making Gas diffusion 
layer ml according to EXAMPLE 11-2-1 above, except 
that according to the present EXAMPLE, the fluorocar- 
bon resin solutions as prepared in EXAMPLE 11-2-1 
is were substituted by liquid dispersions as follows. 

[0187] According to the present EXAMPLE, the liquid 
dispersion D-1 ofPTFE, used for Dispersion e1 and hav- 
ing PTFE as a main ingredient, was substituted by a liq- 
uid dispersion of ethanol having a polypropylene dis- 
persed therein, thereby to prepare a liquid dispersion 
having AB dispersed therein (the thus prepared liquid 
dispersion being hereafter referred to as Dispersion e3) 
in place of Dispersion e1 , wherein the polypropylene, as 
used for Dispersion e3, had a degree of crystallinity of 
80%, and the weight ratio of the polypropylene to etha- 
nol in the liquid dispersion of the polypropylene and eth- 
anol here was 20:80. 

[0188] Also, the liquid dispersion Lubron of PTFE, 
used for Dispersion k1 and having PTFE as a main in- 
gredient, was substituted by a liquid dispersion of etha- 
nol having a further polypropylene dispersed therein, 
thereby to prepare a liquid dispersion having AB dis- 
persed therein (the thus prepared liquid dispersion be- 
ing hereafter referred to as Dispersion k2) in place of 
Dispersion k1 , wherein the polypropylene, as used for 
Dispersion k2, had a degree of crystallinity of 40%. and 
the weight ratio of the polypropylene to ethanol in the 
liquid dispersion of the polypropylene and ethanol here 
was 20:80. 

[0189] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-2-1 , by mixing Dispersion e3 and 
Dispersion k2 in ten different mixing ratios in weight, ten 
different liquid dispersions were prepared, respectively 
having the weight ratios of Dispersion e3 : Dispersion 
k2 of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. 
Subsequently, a screen -printing process and a firing 
process at 350°C were carried out in the same manner 
as in EXAMPLE 11-2-1, thereby to make Gas diffusion 
layer m2. 

[01 90] The amounts of permeability in the case of Gas 
diffusion layer m2 were measured according to the 
weighting method of JISZ0208 as described above in 
EXAMPLE 11-1-1 and other EXAMPLES with respect to 
the R3 portion (first half portion) and the L3 portion (sec- 
ond half portion) thereof, which were found thereby to 
be 0.8 x 10 4 g/m 2 - 24 hr and 1.BX10 4 g/m 2 . 24 hr, 
respectively. In the words, both the amounts of perme- 
ability at the R3 portion and the L3 portion according to 
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the present EXAMPLE were the same as those in the 
case of EXAMPLE 11-2-1, respectively. This is because 
the degrees of crystaliinity at the R3 portion and the L3 
portion according to the present EXAMPLE were the 
same as those in the case of EXAMPLE 11-2-1 , respec- s 
tively..- 

[01 91 ] By using the thus made Gas diffusion layer m2, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode n2 hereafter) was 
made in the same manner as that employed for making 10 
Gas diffusion electrode n1 in EXAMPLE 11-2-1. A poly- 
mer electrolyte fuel cell according to the present EXAM- 
PLE was made by using Gas diffusion electrode n2 and 
Gas diffusion electrode j in the same manner as em- 
ployed for making the polymer electrolyte fuel cell ac- « 
cording to EXAMPLE 11-2-1. 

[0192] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
ured under the same conditions as used in EXAMPLE 
11-2-1. More specifically, the fuel cell according to the 20 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-2-1 underthe 
same arrangements that the R3 portion and the L3 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 25 
electrode n2 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively 
[01 93] Consequently, the polymer electrolyte fuel cell 
according to the present EXAMPLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 30 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 35 
therein was quickly and safely exhausted to outside of 
the cell. 

<EXAMPLE ll-2-3> 

40 

[0194] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
ferred to as Gas diffusion layer m3) was made in the 
same manner as that employed for making G as diffusion 
layer ml according to EXAMPLE 11-2-1 above, except 45 
that according to the present EXAMPLE, the fluorocar- 
bon resin solutions as prepared in EXAMPLE 11-2-1 
were substituted by a liquid dispersion and an ethanol 
solution as follows. 

[0195] According to the present EXAMPLE, the liquid so 
dispersion D-1 of PTFE, used for Dispersion e1 and hav- 
ing PTFE as a main ingredient, was substituted by a liq- 
uid dispersion of ethanol having a polyethylene dis- 
persed therein, thereby to prepare a liquid dispersion 
having AB dispersed therein (the thus prepared liquid 55 
dispersion being hereafter referred to as Dispersion e4) 
in place of Dispersion e1 , wherein the polyethylene, as 
used for Dispersion e4, had a degree of crystaliinity of 



80%, and the weight ratio of the polyethylene to ethanol 
in the liquid dispersion of the polyethylene and ethanol 
here was 20:80. 

[0196] Also, the liquid dispersion Lubron of PTFE, 
used for Dispersion k1 and having PTFE as a main in- 
gredient, was substituted by an ethanol solution having 
an acrylonitrile dissolved therein, thereby to prepare a 
liquid dispersion having AB dispersed therein (the thus 
prepared liquid dispersion being hereafter referred to as 
Dispersion k3) in place of Dispersion k1 , wherein the 
acrylonitrile, as used for Dispersion k3, had a degree of 
crystaliinity of 30%, and the weight ratio of the acryloni- 
trile to ethanol in the solution of the acrylonitrile and eth- 
anol here was 20:80. 

[0197] Thereafter, in a manner simitar to that de- 
scribed in EXAMPLE 11-2-1 , by mixing Dispersion e4 and 
Dispersion k3 in ten different mixing ratios in weight, ten 
different liquid dispersions were prepared, respectively 
having the weight ratios of Dispersion e4 : Dispersion 
k3 of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. 
Subsequently, a screen-printing process and a firing 
process at 350°C were carried out in the same manner 
as in EXAMPLE 11-2-1, thereby to make Gas diffusion 
layer m3, wherein the acrylonitrile having been present 
in the liquid dispersion layer after the screen-printing 
was present in Gas diffusion layer m3 in the form of pol- 
ymer after the firing process. 

[01 98] The amounts of permeability in the case of Gas 
diffusion layer m3 were measured according to the 
weighting method of JISZ0208 as described above in 
EXAMPLE 11-1-1 and other EXAMPLES with respect to 
the R3 portion (first half portion) and the L3 portion (sec- 
ond half portion) thereof, which were found thereby to 
be 0.8 X 10 4 g/m 2 • 24 hr and 2.0 X 10 4 g/m 2 . 24 hr, 
respectively. In the words, the relation between the 
amounts of permeability at the R3 portion and the L3 
portion according to the present EXAMPLE was the 
same as that in each of EXAMPLES 11-2-1 and II-2-2 in 
that the amount of permeability at the L3 portion is larger 
than that at the R3 portion. However, the amount of per- 
meability at the L3 portion according to the present EX- 
AMPLE was even larger than that in each of the cases 
of EXAMPLES 11-2-1 and II-2-2. This is because the de- 
gree of crystaliinity at the L3 portion according to the 
present EXAMPLE was larger than that in each of the 
cases of EXAMPLES 11-2-1 and II-2-2. 
[0199] By using the thus made Gas diffusion Iayerm3, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode n3 hereafter) was 
made in the same manner as that employed for making 
Gas diffusion electrode n1 in EXAMPLE 11-2-1. A poly- 
mer electrolyte fuel cell according to the present EXAM- 
PLE was made by using Gas diffusion electrode n3 and 
Gas diffusion electrode j in the same manner as em- 
ployed for making the polymer electrolyte fuel cell ac- 
cording to EXAMPLE 11-2-1. 

[0200] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
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ured under the same conditions as used in EXAMPLE 
11-2-1. More specifically, the fuel cell according to the 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-2-1 underthe 
same arrangements that the R3 portion and the L3 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode n3 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[0201 ] Consequently, the polymer electrolyte fuel cell 
according to the present EXAM PLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 

<EXAMPLE ll-2-4> 

[0202] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
ferred to as Gas diffusion layer m4) was made in the 
same manner as that employed for making Gas diffusion 
layer ml according to EXAMPLE 11-2-1 above, except 
that according to the present EXAMPLE, the two liquid 
dispersions of PTFE as prepared in EXAMPLE 11-2-1 
were substituted by a cresol solution and an ethanol so- 
lution, respectively, as follows. 

[0203] According to the present EXAMPLE, the liquid 
dispersion D-1 of PTFE, used for Dispersion e1 and hav- 
ing PTFE as a main ingredient, was substituted by an 
m-cresol solution having polyethylene terephthalate dis- 
solved therein, thereby to prepare a liquid dispersion 
having AB dispersed therein (the thus prepared liquid 
dispersion being hereafter referred to as Dispersion e5) 
in place of Dispersion e1, wherein the polyethylene 
terephthalate, as used for Dispersion e5, had a degree 
of crystallinity of 60%, and the weight ratio of the poly- 
ethylene terephthalate to m-cresol in the liquid disper- 
sion of the polyethylene terephthalate and m-cresol 
here was 20:80. 

[0204] Also, the liquid dispersion Lubron of PTFE, 
used for Dispersion k1 and having PTFE as a main In- 
gredient, was substituted by an ethanol solution having 
a vinyl chloride dissolved therein, thereby to prepare a 
liquid dispersion having AB dispersed therein (the thus 
prepared liquid dispersion being hereafter referred to as 
Dispersion k4) in place of Dispersion k1 , wherein the 
vinyl chloride, as used for Dispersion k4, had a degree 
of crystallinity of 10%, and the weight ratio of the vinyl 
chloride to ethanol in the solution of the vinyl chloride 
and ethanol here was 20:80. 

[0205] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-2-1 , by mixing Dispersion e5 and 
Dispersion k4 in ten different mixing ratios in weight, ten 



different liquid dispersions were prepared, respectively 
having the weight ratios of Dispersion e5 : Dispersion 
k4 of 9:1 , 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1 :9 and 0:10. 
Subsequently, a screen-printing process and a firing 
s process at 350°C were carried out in the same manner 
- as in EXAMPLE 11-2-1, thereby to make Gas diffusion 
layer m4, wherein the vinyl chloride having been present 
in the liquid dispersion layer after the screen-printing 
was present in Gas diffusion layer m4 in the form of pol- 

10 ymer after the firing process. 

[0206] The amounts of permeability in the case of Gas 
diffusion layer m4 were measured according to the 
weighting method of JISZ0208 as described above in 
EXAMPLE 11-1-1 and other EXAMPLES with respect to 

15 the R3 portion (first half portion) and the L3 portion (sec- 
ond half portion) thereof, which were found thereby to 
be 1.2 X 10 4 g/m 2 • 24 hr and 2.8 x 10 4 g/m 2 • 24 hr, 
respectively. In the words, the amounts of permeability 
at the R3 portion and the L3 portion according to the 

20 present EXAMPLE were both larger than those, respec- 
tively, in each of the cases of EXAMPLES 11-2-1 , II-2-2 
and II-2-3. Further, the difference in the amount of per- 
meability between the R3 portion and the L3 portion was 
larger than that in each of the cases of EXAMPLES II- 

25 2-1, H-2-2 and H-2-3. This is because the degrees of 
crystallinity at the R3 portion and the L3 portion accord- 
ing to the present EXAMPLE were larger than those, re- 
spectively, in each of the cases of EXAMPLES 11-2-1 , II- 
2-2 and II-2-3, and because the difference in the degree 

30 of crystallinity between the R3 portion and the L3 portion 
was larger that that in each of the cases of EXAMPLES 
11-2-1,11-2-2 and 11-2-3. 

[0207] By using the thus made Gas diffusion layer m4, 
a gas diffusion electrode according to the present EX- 
35 AMPLE (Gas diffusion electrode n4 hereafter) was 
made in the same manner as that employed for making 
Gas diffusion electrode n1 in EXAMPLE 11-2-1. A poly- 
mer electrolyte fuel cell according to the present EXAM- 
PLE was made by using Gas diffusion electrode n4 and 
40 Gas diffusion electrode j in the same manner as em- 
ployed for making the polymer electrolyte fuel cell ac- 
cording to EXAMPLE 11-2-1. 

[0208] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
45 ured under the same conditions as used in EXAMPLE 
11-2-1. More specifically, the fuel cell according to the 
present EXAMPLE was operated underthe same con- 
ditions as described above in EXAMPLE 11-2-1 underthe 
same arrangements that the R3 portion and the L3 por- 
50 tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode n4 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[0209] Consequently, the polymer electrolyte fuel cell 
55 according to the present EXAMPLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
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trotyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 5 
[0210] It is to be noted that in the above four EXAM- ^ 
PLES 11-2-1 to II-2-4, two kinds of materials having dif- 
ferent degrees of crystallinity were used to be mixed, 
and drops of ten different mixing rations in weight were 
prepared and used. However, it was separately con- 10 
firmed that the number of drops or number of different 
mixing ratios in weight could be other than ten, and also 
that the number of kinds of the materials having respec- 
tively different degrees of crystallinity could be three or 
more. More specifically, it was confirmed that when plu- is 
ral kinds of materials having different degrees of crys- 
tallinity were selected from among e.g. those having 
80% to 10% in the case of the exemplified materials, 
and were mixed in plural mixtures so that the degree of 
crystallinity increased, preferably gradually, from the R3 20 
end portion to the L3 end portion, then operable results 
could be obtained as in the above four EXAMPLES II- 
2-1 to II-2-4. 

<EXAMPLE 11-3-1 > 25 

A. Production of gas diffusion electrode 

[0211] First of all, 1 0 g of acetylene black AB as used 
in EXAMPLE 11-1 -1 was mixed with 2 g of an N-methyl- 30 
2-pyrolidone solution having dissolved therein a poryim- 
ide resin as a main ingredient (product of Japan Syn- 
thetic Rubber Co., Ltd.: JALS214) and having a coeffi- 
cient of moisture permeability higher than that of the PT- 
FE contained in the liquid dispersion of PTFE (product 35 
of Daikin Industries, Ltd.: D-1) as used in EXAMPLE II- 

1- 1. Thereby, a liquid dispersion of the N-methyl-2-py- 
rolidone solution, having the polyimide resin as a main 
ingredient and having AB dispersed therein, was pre- 
pared (the thus prepared liquid dispersion being here- 40 
after referred to as Dispersion p1). 

[0212] By mixing Dispersion e1, as prepared in EX- 
AMPLE 11-1-1, with the thus prepared Dispersion p1 in 
ten different mixing ratios in weight, ten different liquid 
dispersions were prepared, respectively having the 45 
weight ratios of Dispersion e1 : Dispersion p1 of 9:1, 8: 
2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. 
[0213] Here, the coefficient of moisture permeability 
of a material is an amount of moisture to permeate 
through a unit area of the material per unit time period so 
under a constant atmospheric pressure, and the defini- 
tion according to Japanese Industrial Standard (JIS) 
-A9511 is used here therefor. The coefficient of moisture 
permeability of PTFE, as measured, in the liquid disper- 
sion D-1 of PTFE or Dispersion e1 was 0.01 g/m 2 • hr • 55 
mmHg, while that of the polyimide resin in the N-methyl- 

2- pyrolidone solution of Dispersion p1 was 0.04 g/m 2 • 
hr • mmHg. 



[0214] Next, a carbon paper (product of Toray Indus- 
tries, Inc.: TGP-H-060) having a length of 30 cm, width 
of 15 cm and thickness of 180 \im was prepared as a 
porous supporting carbon body, and the liquid disper- 
sions were screen-printed on the carbon paper in a man- 
ner as described in EXAMPLE 11-1-1 with reference to 
FIG. 18, in a manner that ten drops of the above pre- 
pared liquid dispersions of the ten different mixtures, re- 
spectively, of Dispersion e1 and Dispersion p1 were ar- 
ranged so as to arrange the amounts of Dispersion p1 
in the ten drops to increment from one end (R4 end here 
as corresponding to R4 shown in FIG. 1 4) and the other 
end (L4 end here as also corresponding to L4 shown in 
FIG. 1 4), thereby to form ten strips of the liquid disper- 
sion layers respectively having the same width, by being 
screen-printed, to cover the carbon paper from the R4 
end to the L4 end by the ten strips. The ten drops were 
screen-printed on the carbon paper in the above de- 
scribed manner, and the carbon paper with the screen- 
printed layer of the ten strips, for an electrically conduc- 
tive polymer-containing layer, was fired at 350°C, there- 
by to obtain a gas diffusion layer having an electrically 
conductive polymer-containing layer formed on the car- 
bon paper thereof (the thus obtained gas diffusion layer 
made of the carbon paper and the electrically conduc- 
tive polymer-containing layer being hereafter referred to 
as Gas diffusion layer q1). 

[0215] The R4 portion of the thus obtained Gas diffu- 
sion layer q1 corresponding to the first half, i.e. 15 cm, 
portion of the carbon paper at one end thereof, and the 
L4 portion of Gas diffusion q1 corresponding to the sec- 
ond half, i.e. remaining 15 cm, portion of the carbon pa- 
per at the other end thereof were measured with respect 
to its water permeability in terms of amount of permea- 
bility on the basis of the weighting method according to 
the example defined by JISZ0208, as already described 
in EXAMPLE 11-1-1 above. 

[021 6] The amounts of permeability in the case of Gas 
diffusion layer q1 , as measured, according to the above 
definition were 0.8X10* g/m 2 • 24 hr and 1 .8 X 1 0 4 g/ 
m 2 • 24 hr, respectively, with respect the R4 portion and 
the L4 portion. The amount of permeability at the R4 por- 
tion was thus found to be smaller than that at the L4 
portion. 

[0217] Meanwhile, a carbon powder having particle 
sizes of not more than 3 ujti was immersed in an aque- 
ous solution of chloroplatinic acid, and then the chloro- 
platinic acid was subjected to reduction process so as 
to allow the carbon particles to carry platinum catalyst 
on the surfaces thereof, with the weight ratio of the car- 
bon powder to the platinum being 1:1. The thus pre- 
pared carbon powder was dispersed in an alcohol solu- 
tion of a polymer electrolyte, thereby to make a slurry. 
The thus made slurry was uniformly coated, as a cata- 
lyst layer, on one surface of the electrically conductive 
polymer-containing layer of Gas diffusion layer q1, 
thereby to make a gas diffusion electrode (the thus 
made gas diffusion electrode being hereafter referred to 
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as Gas diffusion electrode r1). 

B. Production of polymer electrolyte fuel cell 

[0218] Gas diffusion electrode r1 and Gas diffusion 
♦ .electrode j t as made in EXAMPLE 11-1-1, having the 
same size as that of Gas diffusion electrode r1 were pre- 
pared. Further, a polymer electrolyte membrane (prod- 
uct of DuPont Company: Nafion 117) having an outer 
dimension one size larger than that of Gas diffusion 
electrodes j and r1 was prepared. The thus prepared 
polymer electrolyte membrane was sandwiched by Gas 
diffusion layers j and r1 in a manner that the respective 
catalyst layers faced the electrolyte membrane, and was 
provided with a silicone rubber gasket having a thick- 
ness of 250 u.m positioned for gas sealing, and was then 
hot-pressed at 130°C for 5 minutes, thereby to make an 
ME A. 

[021 9J The thus made MEA was sandwiched by a pair 
of separator plates to form a unit cell. By using additional 
MEAs and separator plates and alternately stacking 
them on the above made unit cell, a polymer electrolyte 
fuel cell according to the present EXAMPLE having a 
cell stack of four unit cells was made. Each of the sep- 
arator plates, as used, had a thickness of 4 mm and was 
made of an airtight carbon material. Each of such sep- 
arator plates had, on each surface thereof to contact the 
each gas diffusion layer, a gas flow channel having a 
width of 2 mm and a depth of 1 mm, which was formed 
by cutting the separator plate. The cell stack was pro- 
vided with a metal end plate made of SUS 304 on each 
of the both ends thereof, and was fixed to be a polymer 
electrolyte fuel cell. 

[0220] In making the fuel cell above, the R4 portion 
and the L4 portion were positioned to correspond to the 
inlet and outlet of the gas flow channel of each separator 
plate. Each gas flow channel, facing Gas diffusion elec- 
trode r1 , of each separator plate was supplied with air 
to flow from the inlet to the outlet thereof at an oxygen 
utilization rate of 40%. Also, each gas flow channel, fac- 
ing Gas diffusion electrode j, of each separator plate 
was supplied with hydrogen to flow from the inlet to the 
outlet thereof at a hydrogen utilization rate of 70%. Un- 
der such conditions, the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was operated with a 
hydrogen humidifying bubbler, an air humidifying bub- 
bler and the cell being maintained at temperatures of 
85°C, 65°C and 75°C, respectively. Consequently, the 
polymer electrolyte fuel cell according to the present EX- 
AMPLE generated a voltage of 2.8 V, and maintained 
the initial voltage for 3,000 hours or more after the start 
of the cell operation, showing stable operation. The rea- 
son therefor is that the electrolyte membrane in the pol- 
ymer electrolyte fuel cell according to the present EX- 
AMPLE was kept at an appropriate wet condition, while 
excessive water generated therein was quickly and 
safely exhausted to outside of the cell. 



<EXAMPLE ll-3-2> 

[0221] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
s f erred to as Gas diffusion layer q2) was made in the 
same manner as that employed for making Gas diffusion 
layer q1 according to EXAMPLE 11-3-1 above, except 
that according to the present EXAMPLE, the N-methyl- 

2- pyrolidone solution as prepared in EXAMPLE 11-3-1 
10 for Dispersion p1 was substituted by an ethanol solution 

as follows. 

[0222] According to the present EXAMPLE, the N- 
methyl-2-pyrolidone solution was substituted by an eth- 
anol solution having a polyvinyl chloride dissolved there- 
's jn, thereby to prepare a liquid dispersion having AB dis- 
persed therein (the thus prepared liquid dispersion be- 
ing hereafter referred to as Dispersion p2) in place of 
Dispersion p1 , wherein the polyvinyl chloride, as used 
for Dispersion p2, had a coefficient of moisture perme- 
ability of 0.1 g/m 2 • hr • mmHg, and the weight ratio of 
the polyvinyl chloride to ethanol in the liquid dispersion 
of the polyvinyl chloride and ethanol here was 20:80. 
[0223] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-3-1 , by mixing Dispersion e1 and 
Dispersion p2 in ten different mixing ratios in weight, ten 
different liquid dispersions were prepared, respectively 
having the ratios of Dispersion e1 : Dispersion p2 of 9: 
1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. Subse- 
quently, a screen-printing process and a firing process 
at 350°C were carried out in the same manner as in EX- 
AMPLE 11-3-1, thereby to make Gas diffusion layer q2. 
[0224] The amounts of permeability in the case of Gas 
diffusion layer q2 were measured according to the 
weighting method of JISZ020B as described above in 
EXAMPLE 11-1-1 and other EXAMPLES with respect to 
the R4 portion (first half portion) and the L4 portion (sec- 
ond half portion) thereof, which were found thereby to 
be 0.8 X 10 4 g/m 2 . 24 hr and 2.3 X 10 4 g/m 2 . 24 hr, 
respectively, in the words, the amount of permeability at 
the R4 portion according to the present EXAMPLE was 
the same as that in the case of EXAMPLE 11-3-1 , while 
that at the L3 portion according to the present EXAM- 
PLE was larger than that in the case of EXAMPLE II- 

3- 1 . This is because the coefficient of moisture perme- 
ability at the R4 portion according to the present EXAM- 
PLE was the same as that in the case of EXAMPLE II- 
3-1 , while that at the L4 portion according to the present 
EXAMPLE was higher than that in the case of EXAM- 
PLE 11-3-1. 

[0225] By using the thus made Gas diffusion layer q2, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode r2 hereafter) was made 
in the same manner as that employed for making Gas 
diffusion electrode r1 in EXAMPLE 11-3-1. A polymer 
electrolyte fuel cell according to the present EXAMPLE 
was made by using Gas diffusion electrode r2 and Gas 
diffusion electrode j in the same manner as employed 
for making the polymer electrolyte fuel cell according to 
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EXAMPLE 11-3-1. 

[0226] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
ured under the same conditions as used in EXAMPLE 
11-3-1. More specifically, the fuel cell according to the 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-3-1 underthe 
same arrangements that the R4 portion and the L4 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode r2 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[0227] Consequently, the polymer electrolyte fuel cell 
according to the present EXAM PLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 

<EXAMPLE ll-3-3> 

[0228] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
ferred to as Gas diffusion layer q3) was made in the 
same manner as that employed for making Gas diffusion 
layer q1 according to EXAMPLE 11-3-1 above, except 
that according to the present EXAMPLE, the liquid dis- 
persion D-1 of PTFE, as prepared in EXAMPLE 11-3-1 
for Dispersion e1 and containing the PTFE as a main 
ingredient, was substituted by an liquid dispersion of 
ethanol having polypropylene dispersed therein as fol- 
lows. 

[0229] According to the present EXAMPLE, the fluor- 
ocarbon resin solution was substituted by a liquid dis- 
persion of ethanol having a polypropylene dispersed 
therein, thereby to prepare a liquid dispersion having AB 
dispersed therein (the thus prepared liquid dispersion 
being hereafter referred to as Dispersion e3) in place of 
Dispersion e1, wherein the polypropylene, as used for 
Dispersion e3, had a coefficient of moisture permeability 
of 0.01 g/m 2 ■ hr • mmHg, and the weight ratio of the 
polypropylene to ethanol in the liquid dispersion of the 
polypropylene and ethanol here was 20:80. 
[0230] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-3-1 , by mixing Dispersion e3 and 
Dispersion p1 in ten different mixing ratios in weight, ten 
different liquid dispersions were prepared, respectively 
having the ratios of Dispersion e3 : Dispersion p1 of 9: 
1 , 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1 :9 and 0:1 0. Subse- 
quently, a screen-printing process and a firing process 
at 350°C were carried out in the same manner as in EX- 
AMPLE 11-3-1 , thereby to make Gas diffusion layer q3. 
[0231 ] The amounts of permeability in the case of Gas 
diffusion layer q3 were measured according to the 



weighting method of JISZ0208 as described above in 
EXAMPLE 11-1-1 and other EXAMPLES with respect to 
the R4 portion (first half portion) and the L4 portion (sec- 
ond half portion) thereof, which were found thereby to 

5 be 0.8 x 10^ g/m 2 • 24 hr and 1.8X10 4 g/m 2 • 24 hr, 
respectively. In the words, both the amounts of- perme- 
ability at the R4 portion and the L4 portion according to 
the present EXAMPLE were the same as those, respec- 
tively, in the case of EXAMPLE 11-3-1. This is because 

io the coefficient of moisture permeability at the R4 portion 
and that at the L4 portion according to the present EX- 
AMPLE were the same as those, respectively, in the 
case of EXAM PLE 1 1-3-1 , although the specific materials 
used in the present EXAMPLE were different from those 

15 used in EXAMPLE 11-3-1. 

[0232] By using the thus made Gas diffusion layer q3, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode r3 hereafter) was made 
in the same manner as that employed for making Gas 

20 diffusion electrode r1 in EXAMPLE 11-3-1. A polymer 
electrolyte fuel cell according to the present EXAMPLE 
was made by using Gas diffusion electrode r3 and Gas 
diffusion electrode j in the same manner as employed 
for making the polymer electrolyte fuel cell according to 

25 EXAMPLE 11-3-1. 

[0233] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
ured underthe same conditions as used in EXAMPLE 
11-3-1 . More specifically, the fuel cell according to the 

30 present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-3-1 underthe 
same anangements that the R4 portion and the L4 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 

35 electrode r3 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[0234] Consequently, the polymer electrolyte fuel cell 
according to the present EXAMPLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 

40 hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 

45 therein was quickly and safely exhausted to outside of 
the ceil. 

<EXAMPLE ll-3-4> 

so [0235] A gas diffusion layer according to the present 
EXAMPLE (such gas diffusion layer being hereafter re- 
ferred to as Gas diffusion layer q4) was made in the 
same manner as that employed for making Gas diffusion 
layer q1 according to EXAMPLE 11-3-1 above, except 

55 that according to the present EXAMPLE, the liquid dis- 
persion D-1 of PTFE, as prepared in EXAMPLE 11-3-1 
for Dispersion e1 and containing the PTFE as a main 
ingredient, was substituted by an liquid dispersion of 
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ethanol having polypropylene dispersed therein, and 
that the N-methyl-2-pyrolidone solution as prepared in 
EXAMPLE 11-3-1 for Dispersion p1 was substituted by 
an ethanol solution of a cellulose acetate, as follows. 
[0236] According to the present EXAM PLE , the f luor- 5 
ocarbon resin solution was substituted by a liquid.dis- 
persion of ethanol having a polypropylene dispersed 
therein, thereby to prepare a liquid dispersion having AB 
dispersed therein (the thus prepared liquid dispersion 
being hereafter referred to as Dispersion e4) in place of io 
Dispersion e1 , wherein the polypropylene, as used for 
Dispersion e4, had a coefficient of moisture permeability 
of 0.01 g/m 2 • hr • mmHg, and the weight ratio of the 
polypropylene to ethanol in the liquid dispersion of the 
polypropylene and ethanol here was 20:80. 1 $ 
[02371 Further, according to the present EXAMPLE, 
the N-methyl-2-pyrolidone solution was substituted by 
an ethanol solution having a cellulose acetate dissolved 
therein, thereby to prepare a liquid dispersion having AB 
dispersed therein (the thus prepared liquid dispersion 20 
being hereafter referred to as Dispersion p3) in place of 
Dispersion p1 , wherein the cellulose acetate, as used 
for Dispersion p3, had a coefficient of moisture perme- 
ability of 0.1 g/m 2 • hr • mmHg, and the weight ratio of 
the cellulose acetate to ethanol in the solution of the eel- 25 
lulose acetate and ethanol here was 20:80. 
[0238] Thereafter, in a manner similar to that de- 
scribed in EXAMPLE 11-3-1 , by mixing Dispersion e4 and 
Dispersion p3 in ten different mixing ratios in weight, ten 
different liquid dispersions were prepared, respectively 30 
having the weight ratios of Dispersion e4 : Dispersion 
p3 of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9 and 0:10. 
Subsequently, a screen-printing process and a firing 
process at 350°C were carried out in the same manner 
as in EXAMPLE 11-3-1, thereby to make Gas diffusion 35 
layer q4. 

[0239] The amounts of permeability in the case of Gas 
diffusion layer q4 were measured according to the 
weighting method of JISZ0208 as described above in 
EXAMPLE 11-1-1 and other EXAMPLES with respect to 40 
the R4 portion (first half portion) and the L4 portion (sec- 
ond half portion) thereof, which were found thereby to 
be 0.8 x 10 4 g/m 2 • 24 hr and 2.3 x 10 4 g/m 2 . 24 hr, 
respectively. In the words, the amount of permeability at 
the R4 portion according to the present EXAMPLE was 45 
the same as that in each of cases of the three preceding 
EXAMPLES, while the amount of permeability at the L4 
portion according to the present EXAMPLE was the 
same as that in the case of EXAMPLE II-3-2. This is be- 
cause the coefficient of moisture permeability at the R4 so 
portion was the same as that in each of the cases of the 
three preceding EXAMPLES, while that at the L4 portion 
according to the present EXAMPLE was the same as 
that in the case of EXAMPLE II-3-2, although the com- 
bination of specific materials used in the present EXAM- 55 
PLE were different from those used in respective com- 
binations of materials used in the three preceding EX- 
AMPLES. 



[0240] By using the thus made Gas diffusion layer q4, 
a gas diffusion electrode according to the present EX- 
AMPLE (Gas diffusion electrode r4 hereafter) was made 
in the same manner as that employed for making Gas 
diffusion electrode M in EXAMPLE 11-3-1. A polymer 
electrolyte fuel cell according to the present EXAMPLE 
was made by using Gas diffusion electrode r4 and Gas 
diffusion electrode j in the same manner as employed 
for making the polymer electrolyte fuel cell according to 
EXAMPLE 11-3-1. 

[0241] The characteristics of the polymer electrolyte 
fuel cell according to the present EXAMPLE were meas- 
ured under the same conditions as used in EXAMPLE 
11-3-1 . More specifically, the fuel cell according to the 
present EXAMPLE was operated under the same con- 
ditions as described above in EXAMPLE 11-3-1 underthe 
same arrangements that the R4 portion and the L4 por- 
tion were arranged to correspond to the inlet and the 
outlet of the gas flow channel, and that Gas diffusion 
electrode r4 and Gas diffusion electrode j were supplied 
with air and hydrogen, respectively. 
[0242] Consequently, the polymer electrolyte fuel cell 
according to the present EXAMPLE generated a voltage 
of 2.8 V, and maintained the initial voltage for 3,000 
hours or more after the start of the cell operation, show- 
ing stable operation. The reason therefor is that the elec- 
trolyte membrane in the polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at an appro- 
priate wet condition, while excessive water generated 
therein was quickly and safely exhausted to outside of 
the cell. 

[0243] It is to be noted that in the above four EXAM- 
PLES 11-3-1 to II-3-4, two kinds of materials having dif- 
ferent coefficients of moisture permeability were used 
to be mixed, and drops of ten different mixing rations in 
weight were prepared and used. However, it was sepa- 
rately confirmed that the number of drops or number of 
different mixing ratios in weight could be other than ten, 
and also that the number of kinds of the materials having 
respectively different coefficients of moisture permea- 
bility could be three or more. More specifically, it was 
confirmed that when plural kinds of materials having dif- 
ferent coefficient of moisture permeability were selected 
from among e.g. those having 0.8 x 10 4 g/m 2 ■ 24 hr to 
2.3 x 10 4 g/m 2 • 24 hr in the case of the exemplified 
materials, and were mixed in plural mixtures so that the 
coefficient of moisture permeability increased, prefera- 
bly gradually, from the R4 end portion to the L4 end por- 
tion, then operable results could be obtained as in the 
above four EXAMPLES 11-3-1 to IT-3^. 

COMPARATIVE EXAMPLE> 

[0244] For comparison, a polymer electrolyte fuel cell 
according to the present COMPARATIVE EXAMPLE 
was made in the same manner as that employed for 
making polymer electrolyte fuel cells according to each 
EXAMPLE of the Mode [II], except that according to the 
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present COMPARATIVE EXAMPLE, the MEA was 
sandwiched by a pair of the same gas diffusion elec- 
trodes, each being Gas diffusion electrode j. More spe- 
cifically, in each of the gas diffusion electrodes, that is 
Gas diffusion electrode j, the electrically conductive pol- 5 
ymer-containing layer comprises: a single kind of car- . 
bon powder or carbon particles uniformly distributed 
throughout the surface of the gas diffusion layer; and a 
single kind of a polymer material uniformly distributed 
throughout the gas diffusion layer Still more specifically 10 
describing, at both gas diffusion electrodes to sandwich 
the MEA therebetween according to the COMPARA- 
TIVE EXAMPLE, there is no variation of distribution or 
graduation with respect to either amount of acidic func- 
tion group, degree of crystal linity or coefficient of mois- '5 
ture permeability. 

[0245] The characteristics of the thus made polymer 
electrolyte fuel cell according to the present COMPAR- 
ATIVE EXAMPLE were measured under the same con- 
ditions as used in each of the above EXAMPLES of the 20 
Mode [II]. Consequently, the polymer electrolyte fuel cell 
according to the present COMPARATIVE EXAMPLE 
generated a voltage of 2.8 V as an initial voltage in the 
same manner as those of the above EXAMPLES of the 
Mode [II], but the voltage gradually decreased, and be- 25 
came 1 .8 V at a time point of 3,000 hours after the start 
of the cell operation, showing very unstable operation. 
The reason therefor is that the amount of water in the 
MEA of the polymer electrolyte fuel cell according to the 
present COM PARATI VE EXAMPLE was not sufficiently 30 
maintained at an appropriate wet condition, suffering 
from too little water or over dry of the polymer electrolyte 
membrane at the inlet side of the gas flow channel, and 
from a gas diffusion trouble, i.e. too much water or flood- 
ing, at the outlet side of the gas flow channel. 35 
[0246] Although not demonstrated in the above EX- 
AMPLES of the Modes [I] and [II], further various poly- 
mer electrolyte fuel cells according to the present inven- 
tion having the features of both the Modes [I] and [II] 
were made by combining one manner of making the pol- *o 
ymer electrolyte fuel cell according to the present inven- 
tion, variously selected from the EXAMPLES of the 
Mode [I], with one manner of making the polymer elec- 
trolyte fuel cell according to the present invention vari- 
ously selected from EXAMPLES of the Mode [II]. It was 45 
confirmed by measuring the thus made polymer electro- 
lyte fuel cells that each of such fuel cells had both the 
superior functions as obtained in each EXAMPLE of the 
Mode [I] and in each EXAMPLE of the Mode [II]. 
[0247] As evident from the foregoing, particularly from so 
the Mode [I] according to the present invention, a good 
balance between water retention and water exhaustion 
in the thickness direction of each gas diffusion layer or 
gas diffusion electrode in a polymer electrolyte fuel cell 
can be obtained, with the supply of the reactive gases 55 
being sufficiently secured, thereby to improve the output 
performance of the fuel cell, when the pore distribution 
or the mesh distribution in the gas diffusion layer is 



uniquely designed. 

[0248] Further, as evident from the foregoing, partic- 
ularly from the Mode [II] according to the present inven- 
tion, uniform water retention at the gas diffusion layer 
from an inlet side to an outlet side of each gas flow chan- 
nel is- realized. More specifically, in one of the following 
three manners (i), (ii) and (iii), the water permeating 
function at the surface of the gas diffusion layer can be 
adjusted, and the polymer electrolyte membrane of the 
MEA can be maintained at an appropriately wet condi- 
tion, while generated excessive water can be quickly ex- 
hausted to outside thereof, whereby a fuel cell capable 
of stably operating for a long period can be realized: 

(i) that in the electrically conductive polymer-con- 
taining layer of the gas diffusion layer, the polymer 
containing layer comprising a polymer material and 
electrically conductive carbon particles, the carbon 
particles comprise at least first carbon particles and 
second carbon particles that have a larger amount 
of acidic function group than that of the first carbon 
particles, wherein the weight ratio of the second car- 
bon particles, relative to the first carbon particles, 
increases from one end of the gas diffusion layer, 
corresponding to an inlet of the gas flow channel, 
to the other end of the gas diffusion layer corre- 
sponding to an outlet of the gas flow channel; 

(ii) that in the electrically conductive polymer-con- 
taining layer of the gas diffusion layer, the polymer- 
containing material comprising a polymer material 
and electrically conductive carbon particles, the pol- 
ymer material comprises at least a first polymer ma- 
terial and a second polymer material that has a tow- 
er degree of crystal linity than that of the first polymer 
material, and wherein the weight ratio of the second 
polymer material, relative to the first polymer mate- 
rial, increases from one end of the gas diffusion lay- 
er, corresponding to an inlet of the gas flow channel, 
to the other end of the gas diffusion layer corre- 
sponding to an outlet of the gas flow channel; and 

(iii) that in the electrically conductive polymer-con- 
taining layer of the gas diffusion layer, the polymer- 
containing material comprising a polymer material 
and electrically conductive carbon particles, the pol- 
ymer material comprises at least a first polymer ma- 
terial and a second polymer material that has a 
higher coefficient of moisture permeability than that 
of the first polymer material, and wherein the weight 
ratio of the second polymer material, relative to the 
first polymer material, increases from one end of the 
gas diffusion layer, corresponding to an inlet of the 
gas flow channel, to the other end of the gas diffu- 
sion layer corresponding to an outlet of the gas flow 
channel. 

[0249] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
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to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as s 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 



Claims 10 

1. A polymer electrolyte fuel cell comprising: an ion 
conductive polymer electrolyte membrane; a pair of 
gas diffusion electrodes provided to sandwich said 
polymer electrolyte membrane therebetween, is 
thereby to form a polymer electrolyte membrane- 
electrode assembly; and a pair of separator plates 
being provided to sandwich therebetween said pol- 
ymer electrolyte membrane-electrode assembly at 
said pair of gas diffusion electrodes, and having gas 2 <> 
flow channels to face said pair of gas diffusion elec- 
trodes respectively, each of said gas flow channels 
having an inlet and an outlet, wherein said pair of 
gas diffusion electrodes respectively have a pair of 
catalyst layers to contact said polymer electrolyte 25 
membrane, and also have a pair of gas diffusion lay- 
ers to contact said pair of catalyst layers, wherein 
each of said gas diffusion layers comprises a po- 
rous supporting carbon body, wherein each of said 
porous supporting carbon bodies comprises at least 30 
a first porous carbon layer and a second porous car- 
bon layer, said first porous carbon layer facing cor- 
responding one of said catalyst layers, and wherein 
said first porous carbon layer has a larger number 

of smaller pores distributed therein as compared 35 
with said second porous carbon layer, said second 
porous carbon layer thus having a smaller number 
of larger pores distributed therein as compared with 
said first porous carbon layer. 

40 

2. The polymer electrolyte fuel cell according to claim 
1 , wherein each of said porous supporting carbon 
bodies comprises a carbon cloth. 

3. The polymer electrolyte fuel cell according to claim 45 
1 or 2, wherein said first and said second porous 
carbon layers comprise a first carbon cloth and a 
second carbon cloth, respectively, said first carbon 
cloth having a finer mesh than that of said second 
carbon cloth. so 

4. The polymer electrolyte fuel cell according to claim 
1 , 2 or 3, wherein said first and said second porous 
carbon layers comprise a first layer of wefts and a 
second layer of wefts, respectively, said first layer 55 
of wefts and said second layer of wefts being woven 

by common warps in a manner that said first layer 
of wefts has a shorter average inter-weft distance 



than that of said second layer of wefts. 

5. The polymer electrolyte fuel cell according to any 
preceding claim, wherein said first and said second 
porous carbon layers comprise a first carbon cloth 
and a second carbon cloth which are made of first 
threads and second threads, respectively, said first 
threads having an average diameter smaller than 
that of said second threads, thereby to allow said 
first carbon cloth to have a finer mesh than that of 
said second carbon cloth. 

6. The polymer electrolyte fuel cell according to claim 
1 , wherein said first porous carbon layer comprises 
a carbon unwoven fabric, and said second porous 
layer comprises a carbon cloth. 

7. The polymer electrolyte fuel cell according to any 
preceding claim, wherein each of said pair of diffu- 
sion layers comprises an electrically conductive 
polymer-containing layer provided thereon at a cat- 
alyst layer side thereof, wherein said electrically 
conductive polymer-containing layer comprises a 
polymer material and electrically conductive carbon 
particles. 

8. The polymer electrolyte fuel cell according to claim 
7, wherein in one of said electrically conductive pol- 
ymer-containing layers comprising said polymer 
material and said electrically conductive carbon 
particles, said electrically conductive carbon parti- 
cles comprises at least first carbon particles and 
second carbon particles having a larger amount of 
acidic function group than that of said first carbon 
particles, and wherein the weight ratio of said sec- 
ond carbon particles, relative to said first carbon 
particles, increases from one end of said gas diffu- 
sion layer, corresponding to said inlet of said gas 
flow channel, to the other end of said gas diffusion 
layer corresponding to said outlet of the gas flow 
channel. 

9. The polymer electrolyte fuel cell according to claim 
7 or 8, wherein in one of said electrically conductive 
polymer-containing layers comprising said electri- 
cally conductive carbon particles and said polymer 
material, said polymer material comprises at least 
a first polymer material and a second polymer hav- 
ing a lower degree of crystallinity than that of said 
first polymer material, and wherein the weight ratio 
of said second polymer material, relative to said first 
polymer material, increases from one end of said 
gas diffusion layer, corresponding to said inlet of 
said gas flow channel, to the other end of said gas 
diffusion layer corresponding to said outlet of said 
gas flow channel. 

10. The polymer electrolyte fuel cell according to claim 
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7, 8 or 9, wherein in one of said electrically conduc- 
tive polymer-containing layers comprising said 
electrically conductive carbon particles and said 
polymer material, said polymer material comprises 
at least a first polymer material and a second poly- 
mer material having a higher coefficient of moisture 
permeability than that of said first polymer, and 
wherein the weight ratio of said second polymer ma- 
terial, relative to said first polymer material, increas- 
es from one end of said gas diffusion layer, corre- 
sponding to said inlet of said gas flow channel, to 
the other end of said gas diffusion layer correspond- 
ing to said outlet of said gas flow channel. 



weft distances thereof in a direction of a surface 
plane of said carbon cloth, thereby to obtain period- 
ical distribution of said second mesh portions 
among said first mesh portions. 

16. The.polyrner electrolyte fuel cell according to claim 
13, 14 or 1 5, wherein each of said pair of gas diffu- 
sion electrodes comprises an electrically conduc- 
tive polymer-containing layer provided thereon at a 
side thereof facing said catalyst layer, wherein said 
electrically conductive polymer-containing layer 
comprises a fluorocarbon resin and electrically con- 
ductive carbon particles. 



11. Thepolymerelectrolytefuelcellaccordingtoanyof is 17. The polymer electrolyte fuel cell according to any of 
claims 7 to 1 0, wherein said polymer material of said claims 1 3 to 1 6, wherein each of said diffusion lay- 
electrically conductive polymer-containing layer ers has water repellent property. 

contains a fluorocarbon resin. 

12. The polymer electrolyte fuel cell according to any 20 
preceding claim, wherein each of said porous sup- 
porting carbon bodies has water repellent property. 



13. A polymer electrolyte fuel cell comprising: an ion 
conductive polymer electrolyte membrane; a pair of 25 
gas diffusion electrodes provided to sandwich said 
polymer electrolyte membrane therebetween, 
thereby to form a polymer electrolyte membrane- 
electrode assembly; and a pair of separator plates 
being provided to sandwich therebetween said pol- 30 
ymer electrolyte membrane-electrode assembly at 
said pair of gas diffusion electrodes, and having gas 
flow channels to face said pair of gas diffusion elec- 
trodes respectively, wherein said pair of gas diffu- 
sion electrodes respectively have a pair of catalyst 35 
layers to contact said polymer electrolyte mem- 
brane, and also have a pair of gas diffusion layers 

to contact said pair of catalyst layers, wherein each 
of said gas diffusion layers comprises a carbon cloth 
having first mesh portions and second mesh por- 40 
tions, wherein said second mesh portions are 
coarser than said first mesh portions, and are dis- 
tributed among said first mesh portions intermittent- 
ly in a direction of a surface plane thereof. 

45 

14. The polymer electrolyte fuel cell according to claim 
13, wherein said first mesh portions and said sec- 
ond mesh portions are made of first threads and 
second threads, respectively, wherein said second 
threads have an average diameter larger than that so 
of said first threads, and wherein said second mesh 
portions are distributed among said first mesh por- 
tions periodically in a direction of a surface plane 
thereof. 



15. The polymer electrolyte fuel cell according to claim 
13 or 14, wherein said carbon cloth Is made of 
warps and such wefts that periodically vary inter- 
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